


Cover illustration: Panoramic view o/the area around Kotor Bay showing the two superposed tectonic units o/the
Budva Zone and the overthrusting High Karst Zone (massive light limestone in the qackground). The town o/Tivat
(on the left) lies on the Dalmatian Zone (for tectonic map see Fig. 1.2).
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Abstract

The Budva Zone is the nOlthernmost part of a long belt of Mesozoic basinal deposits, which extend southward to
the Krasta-Cukali Zone in Albania and Pindos-Olonos Zone in Greece.

Lowermost Jurassic to middle Cretaceous formations are defined and described. Radiolarians from 105 samples
collected in ten sections allowed us to date pelagic sequences and to constrain ages of intervening carbonate gravity
flow deposits.

Systematics of about 200 recorded radiolarian species is discussed and supported by illustrations. For the Middle
Jurassic to Turonian time interval, a local radiolarian zonation is constructed by means of the Unitmy Association
Method (Guex, 1977, 1991). One hundred and thirty-nine taxa were used in the database. FOUlty-eight Unitmy Asso
ciations are established and grouped into IS distinct "zones". The calibration is based on the existing zonations.

The Budva Zone formations are correlated to time-equivalent lithologies in the tectonically overthrusting High
Karst Platform. The correlation reveals a close relationship between the sedimentmy and tectonic activity of the High
Karst Platform margin, and facies evolution in the adjacent Budva Basin.

The Hettangian to Sinemurian lime-poor "Passee Jaspeuse" Formation coincides with a subsidence of the High
Karst Platform margin. In the Pliensbachian to lower Toarcian the entire basin was characterized by resedimented car
bonates (Lower Bar Limestone Member). The margin-ward propagation of radiolarite sedimentation (Lastva Radio
larite) and retreat of resedimented carbonates (Upper Bar Limestone Member) in the Middle Jurassic are related to a
development of continuous oolitic bars on the platform. The maximum expansion of radiolarites was attained in the
Oxfordian and Kimmeridgian, when the platform margin was fringed by a large reef complex. Most of the carbonate
mud in the Jurassic basinal succession was probably of platform origin. Periods of reduced periplatform-ooze supply
were characterized by lime-poor to lime-free basinal sedimentation.

In the late Tithonian, distal sequences show a transition from siliceous to carbonate deposition (Praevalis Lime
stone). In the Hauterivian-Barremian, again, radiolarite sedimentation (Bijela Radiolarite) progressively replaced pe
lagic carbonates and persisted to the Turonian. These facies changes are correlative with synchronous shifts in the
Southern Alps and Apennines. The Budva Basin, however, differs from other Tethyan basins by a lower proportion of
carbonate in the Upper Jurassic and Cretaceous sequences.

The composition and distributional pattern of resedimented carbonates changed significantly by Late Jurassic time.
Prior to that time, in the Early and Middle Jurassic, carbonate gravity-flow deposits were composed of remobilized
pelagic sediments and penecontemporaneous platform debris. Contrary to this, since the Tithonian the bulk of the re
sedimented carbonates was derived from the erosion of lithified shallow water limestones. Coarse grained calcareous
turbidites became restricted to the northwestern depositional area. This facies change is believed to reflect the evolu
tion from an extensional to a compressive regime in the internal domains of the Dinaric Tethys, which induced a dif
ferential uplift of the High Karst Platform.

Resume

La Zone de Budva appartient cl la pmtie la plus septentrionale d'une longue chaine de bass ins sedimentaires meso
zoi'ques qui s'etend du sud de la Zone de Krasta-Cukali en Albanie cl la Zone du Pinde-Olonos en Grece.

Les formations du Jurassique basal au Cretace moyen que nous avons etudiees sont definies et decrites. Ces depots
sedimentaires nous ont livre environ 200 especes de radiolaires qui sont decrits et illustres dans la partie systematique
de notre travail.

Une zonation locale basee sur ces radiolaires a ete etablie cl I'aide de la methode des Associations Unitaires (Guex
1977, 1991) pour I'intervalle Jurassique moyen cl Turonien. Cette zonation est basee sur la distribution stratigraphique
de 139 especes distinctes. Le traitement de nos donnees nous a permis de construire 48 Associations Unitaires qui ont
ete groupees en IS "zones". Notre zonation est calibree avec les echelles biochronologiques preexistantes.

Les formations marines relativement profondes de la zone de Budva ont ete correIees avec les depots sedimentaires
peu profonds de la Plateforme du Haut Karst qui lui sont sus-jacents par chan-iage tectonique. Ces correlations mettent
en evidence un parallelisme clair entre I'activite tectonique et sedimentaire qui affecte la Plateforme du Haut Karst et
l'evolution du Bassin de Budva qui lui est adjacent.

La "Passee Jaspeuse" de I'Hettangien-Sinemurien, pauvre en carbonate, coi'ncide avec une subsidence du bord de la
Plateforme du Haut Karst. Au Pliensbachien-Toarcien inferieur, la totalite du bass in etait caracterisee par des calcaires
resedimentes (membre calcaire inferieur de Bar). La propagation progressive de la sedimentation radiolaritique vel'S la
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marge de la plateforme (Radiolarite de Lastva) et le retrait des depots resedimentes (membre calcaire superieur de Bar)
au Jurassique moyen sont lies au developpement de barres oolitiques continues sur cette plateforme. L'expension
maximale des depots radiolaritiques est atteinte a l'Oxfordien-Kimmeridgien, lorsque la marge de la plateforme est

bordee d'un vaste complexe recifal. L'essentiel des vases carbonatees que l'on trouve dans la sequence bassinale
provenait probablement de la plateforme. Les episodes de faible production de vases calcaires "periplateforme" corre
spondaient, dans le bassin, aune sedimentation pauvre en carbonates.

Au Tithonique superieur, les sequences distales montrent un passage de depots siliceux ades depots carbonates

(Calcaires de Praevalis). A I'Hauterivien-Barremien, la sedimentation radiolaritique (Radiolarite de Bijela) remplace
progressivement les carbonates pelagiques et persiste jusqu'au Turonien. Ces variations de la proportion de carbonate
sont synchrones avec celles qui ont ete reconnues dans les Alpes Meridionales et les Appenins. Le bassin de Budva
differe neanmoins des autres bassins tethysiens par une proportion plus faible de carbonates dans les sequences du

Jurassique superieur et du Cretace.
La composition et la nature de la repartition des carbonates resedimentes change de fayon drastique au Jurassique

terminal. Au Jurassique inferieur et moyen, les carbonates resedimentes etaient composes de materiaux pelagiques
remobilises et de debris de la plateforme penecontemporaine. A partir du Tithonique au contraire, l'essentiel de ces
resediments provient de l'erosion de depots calcaires lithifies et peu profonds. Les turbidites aforte granulometrie sont
alors restreintes a la partie nordouest du domaine sedimentaire. Ce changement de facies resulte de l'evolution d'un
regime d'extension tectonique vel'S un regime compressif dans le domaine des Dinarides, induisant un soulevement de

la Plateforme du Haut Karst.

Povzetek

Cona Budva je najsevernejsi del dolgega pasu mezozojskih globljemorskih sedimentnih kamnin na jugozahodnem
delu Balkanskega polotoka, ki se iz erne gore nadaljujejo proti jugu v cono Krasta-Cukali v Albaniji in Pindos
Olonos v Grciji.

V delu so definirane in opisane jurske ter spodnje in srednjekredne formacije. Njihova starost je dolocena z radio
lariji.

Predstavljenih je 200 vrst radiolarijev z desetih profilov. S pomocjo metode unitarnih asociacij (Guex, 1977, 1991)
smo za obdobje od srednje jure do turonija izdelali lokalno conacijo, ki temelji na 139 izbranih vrstah radiolarijev.
Ugotovili smo 48 unitarnih asociacij, ki smo jih zdruzili v 15 con. Po primeljavi z obstojecimi conacijami smo cone
uvrstili v standardne kronostratigrafske enote.

Formacije cone Budva smo primeljali z enako starimi litoloskimi cleni cone Visokega Krasa, ki je na cono Budva
narinjena. Primeljava kaze tesno odvisnost facialnih razvojev v bazenu Budva od produkcije in tektonskih premikov na
robu sosednje platforme Visokega Krasa.

Zacetek formacije "Passee Jaspeuse" bogate s kremenico se ujema s tonjenjem roba platforme na meji trias-jura. V
pliensbachiju in spodnjem toarciju so se v celotnem bazenu odlagali karbonatni turbiditi (spodnji clen Barskega
apnenca). Umik karbonatnih turbiditov proti robu bazena (zgornji clen Barskega apnenca) in socasna sedimentacija
radiolaritov distalno (radiolariti Lastve) sta bila pogojena z nastankom zveznih oolitnih barier na robu platforme v
srednji juri. Radiolariti so dosegli najvecji obseg v oxfordiju in kimmeridgiju, ko so na robu platforme uspevali koralni
in stromatoporoidni grebeni. VeCina karbonatnega mulja v jurskih bazenskih sedimentih je verjetno prihajala s plat
forme. Za obdobja z zmanjsanim dotokom karbonatnega mulja so bili znacilni bazenski sedimenti bogati s kremenico.

V zgornjem tithoniju so v distalnih delih bazena radiolarite zamenjali kremenasti apnenci (apnenec Praevalis). Nad
njimi lezijo zopet radiolariti (radiolariti Bijele), ki so se odlagali od hauterivija ali barremija do turonija. Te facialne
spremembe so istocasne z nihanjem vsebnosti karbonata na profilih v Juznih Alpah in Apeninih. Bazen Budva se
razlikuje od drugih bazenov Tetide po manjsi vsebnosti karbonata predvsem v zgornjejurskih in krednih kamninah.

Presedimentirani karbonati so se v zgornj i juri izrazito spremenili po sestavi in lateralni razsiljenosti. V spodnj i in
srednji juri so bili karbonatni turbiditi sestavljeni iz prenesenih pelaskih sedimentov in enako starih elementov s plat
forme. V tithoniju in kredi je vecina klastov nastala z erozijo litificiranih plitvovodnih apnencev. Grobozrnate brece so
se v tern casu odlagale samo v severozahodnem delu bazena. Ta facialni obrat je verjetno povezan z zacetkom kom
presivne tektonike v oceanskih predelih notranjih Dinaridov, ki je povzrocila dvig platfOlme Visokega Krasa.
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1. INTRODUCTION

o 100 200 300 km
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1.1 Geological outline

GeographicalIy, the area studied comprises a narrow,
less than 10 km wide and about 100 km long NW to SE
oriented belt, situated in coastal Montenegro between
the Albanian border in the south and Hercegnovi in the
north (Figs. 1.1, 1.2).

Geologically, the Budva Zone (PetkoviC, 1956) is a
part of External Dinarides (Fig. 1.1). TectonicaIly, the

Ljubljana

Budva Zone is represented by several thrust units,
underlain by the Dalmatian Zone (Aubouin, 1960) in the
southwest and overlain by the High Karst Zone
(Kossmat, 1924) in the northeast. The nappes were
emplaced to the southwest. The name "Dalmatian Zone"
as used in this paper is a synonym of the Parautochthon
(Antonijevic et aI., 1969a,b; Mirkovic et aI., 1968a,b;
Markovic, 1966a,b; Kalezic et aI., 1976) and South
Adriatic Zone (Grubic, 1980), and partly of the Adriatic
-Ionian Zone (Kossmat, 1924; Dimitrijevic, 1982).

DINARIDES - HELLENIDES

P;;;11 l:::::::::!2 m5L §J§4.5
66 ~7 ~8 1>:::::19 ~:;~:;~1O

SOUTHERN ALPS

I%®~I ~

N

A

Fig. 1.1: Schematic tectonic map of the Dinarides, Hellenides and Southern Alps showing the position of the Budva Zone (5) and
its relationship with the neighbouring tectonic units. The position of the Internal Dinarides (10) comprising the Ophiolitic Complex
is indicated (after Celet, 1977).
I. Dalmatian-Albanian Foredeep, 2. Ionian Zone, 3. Dalmatian and Gavrovo Zones, 4. Tripolitza Zone, 5. Budva-Cukali-Pindos
Zone, 6. High Karst Zone, 7. Parnassos Zone, 8. Argolid, 9. Bosnian and Beotian Zones, 10. Internal Dinarides and Hellenides,
B. Belluno, F. Friuli, S. Slovenian Zone. The framed area is enlarged in Fig. 1.2.
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The front of the Budva Zone overthrust can be traced
from Bar to Sutomore and from Budva to Hercegnovi
(Fig. 1.2). South of Bar the High Karst Zone was em
placed over the Budva Zone and brought in contact with
the Dalmatian Zone. The outcrop of the Budva Zone
wedges out near Konavlje north of Kotor Bay
(Markovic, 1966a,b). This area marks the northwest
termination of an about 800 km long belt of basinal de
posits represented by the Pindos-Olonos Zone in Greece
and lZrasta-Cukali Zone in Albania.

The Budva Zone itself comprises several thrust
sheets (Figs. 1.2, 1.3). In the Kotor area two tectonic
units are distinguished, the Devesilje Tectonic Unit
overthrusted by the Vrmac Tectonic Unit. The central

part between Kotor and Petrovac is more complex,
composed of several smaller discontinuous recumbent
folds. In general, a subdivision between a lower and an
upper tectonic unit is possible.

The present disposition of the tectonic units corre
sponds approximately to the Mesozoic paleogeography.
The Budva Zone was a narrow basin between two
carbonate platforms, the "Adriatic Platform" in the west
and the "Dinaric Platform" in the east (D'Argenio et aI.,
1971 ).

In this paper the terms Dalmatian, Budva and High
Karst Zone refer to the tectonic units corresponding to
the paleogeographic units: Dalmatian Platform, Budva
Basin, and High Karst Platform.

b:-1 HIGH KARST ZONE

BUDVAZONE

~ DALMATIAN ZONE

N

A

o 10 20km
~,_-------'__-'-,__-'-_--J'

~~-------+----'-.c:-----------,'-4

D CETINJE

D

Fig. 1.2: Simplified tectonic map of the Montenegrin littoral (after Mirkovi6, in press) and location of the sections studied:
I. Cesma, 2. Verige, 3. Bijela, 4. Gornja Lastva, 5. Grbaljska Lastva, 6. Petrovac, 7. Canj, 8. Din Vrh, 9. Sutomore, 10. Bar.
Location of cross-sections (sce Fig. 1.3) is also indicated.
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The oldest outcropping formation in the Budva Zone
is composed of Lower Triassic red marine sandstones,
dolomites, and marly limestones. The Middle Triassic is
characterized by the "Anisian Flysch" or limestone
-dolomite sequence, overlain by a volcano-sedimentary
sequence, which consists of volcanic and volcanoclastic
rocks alternating with cherts or limestones. The Upper
Triassic to Maastrichtian succession displays an alterna
tion of pelagic limestones, radiolarites, and resedi
mented carbonates which is overlain by flysch deposits
of Paleocene to lower Eocene age.

This study encompasses the Triassic-Jurassic to
middle Cretaceous formations. The following lithostra
tigraphic units are recognized (Figs. lA, 1.5):

- Halobia limestone: bedded cherty limestone; Up
per Triassic.

- "Passee Jaspeuse": alternation of calcareous chert

and shale beds; Triassic-Jurassic boundary to the Sine
murian-? lower Pliensbachian.

Bar Limestone: carbonate gravity-flow deposits;
? upper Sinemurian-lower Pliensbachian to lower Toar
cian (Lower Member), upper Toarcian?-Aalenian to
lower Oxfordian (Upper Member).

- Lastva Radiolarite: alternation of chert and shale
layers; Toarcian? to Tithonian.

- Praevalis Limestone: reddish cherty limestone with
marls; upper Tithonian to upper Aptian-lower Albian.

Bijela Radiolarite: alternation of shales and cherts;
Hauterivian-lower Barremian to Turonian.

- Globotruncana limestone: Coniancian? to Maast
richtian.

Locally, pelagic deposits are displaced by platform
derived resedimented carbonates of the Tithonian to
Neocomian and Albian to Late Cretaceous age.

f--- Dalmatian Zone---------j--- Budva Zone -----+---

~I

1600 m

1200

800

400

A 03=~-===;K:2~~i===-"=~~~~~~~~

1000

2000 m

f--- Dalmatian Zone -J-I--- Budva Zone ------+---- High Karst Zone -----1

1000 m

2000 m
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- 1200

r=::-:-~~__lL-=:::P_T_+cl~:1n800
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-------'----+--1----'-'---+---1- 0 D
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1600
1200
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Fig. 1.3: Cross-sections through the Dalmatian, Budva and High Karst Zones (simplified after Antonijevi6 et al., 1969a; Mirkovi6
et al., 1968a). See Fig. 1.2 for the location of cross-sections.
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1.2 Aim of study and organization of
chapters

The objectives of this study were:
I. - To date the Jurassic to mid-Cretaceous forma

tions by means of radiolarians, since they are generally
the only stratigraphically impOltant fossils present.

2. - To reconstruct the Budva Basin evolution
through this time interval.

3. To contribute to the establishing of a Tethyan
radiolarian zonation with a special emphasis on the
Middle and Upper Jurassic.

The first part of this paper (Chapters I to 5) deals
with the stratigraphy of the Jurassic and Cretaceous suc
cession.

Individual lithostratigraphic units are presented in
Chapter 2. The description includes lithology, age as
signment and lateral distribution of each formation.
Fossil content other than radiolarians is indicated. Each
formation is further correlated to coeval lithologies of
the High Karst Zone. Time-equivalent basinal deposits
of other Tethyan regions are briefly mentioned. Paleo
geographic relationships are discussed in order to dis
tinguish between local and regional (Tethyan) factors
determining the type of sediment accumulation in the
Budva Basin.

Sedimentation rates of pelagic deposits are examined
separately in Chapter 3.

A recapitulation of sedimentmy events and probable
causes for temporal and spatial facies variations in the
Budva Basin are synthesized in Chapter 4.

The lithostratigraphic units of the Budva Zone, Pin
dos Zone and Krasta-Cukali Zone are correlated in
Chapter 5. A possible paleogeographic termination of
the Budva Basin toward the northwest is discussed.

The second pmt of this paper provides details about
radiolarian dating (Chapter 6), systematic description of
taxa (Chapter 7) and species content of the samples
studied (Appendix).

1.3 Historical review

The Montenegrin littoral was first mapped by Bu
kowski (1903, 1904, 1909a, 1909b, 1912, 1927). He
recognized several Triassic formations, but believed that
all the younger Mesozoic units were either of Tithonian
or Late Cretaceous age.

A systematic mapping was carried out in the frame
of the "Basic Geological Map", a national Yugoslav
project, in the 1960's (Antonijevi6 et al., 1969a,b;
Mirkovi6 et al., 1968a,b). In the Budva Zone, the pres
ence of Lower, Middle and Upper Jurassic could be
documented by age-diagnostic platform-derived biode
tritus in redeposited limestones. Early and Late Creta
ceous ages were determined by calpionellids and plank-
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tic foraminifera. Nevertheless, the Jurassic series re
mained undifferentiated in the map.

On the basis of lithological and faunal characteris
tics, the Budva Zone in the Kotor-Budva sheet was
subdivided in three units (Antonijevi6 et al., 1969b): a
nOltheastern and nOlthwestern zone extending from
Hercegnovi to Canj, with an intermediate central zone in
the area between Budva and Petrovac. The authors con
cluded that the Budva Basin was shallower toward the
northwest.

Since then, a synthesis of previous mapping was
published by Kalezi6 et al. (1976) on a 1:200000 map,
which included the coastal part, and by MirkoviC (in
press) for the entire area of Montenegro. Cadet (1970,
1978) reviewed the regional geology of the area around
Kotor Bay. Besi6 (1975, 1980, 1983) summarized the
previous knowledge on the biostratigraphy, tectonics
and paleogeography of Montenegro, essentially based
on his own investigations, which he stmted in the early
1930's.

Several researchers focussed on individual forma
tions of the Budva Zone. Dimitrijevi6 (1967) published
a comprehensive study on the Middle Triassic "Flysch".
Facies associations are characteristic of both the Budva
Zone and the southwestern part of the High Karst Zone.
The clastic component includes reworked Paleozoic
rocks. The maximum thickness reaches 500 m. The gen
eral paleotransport direction was from the northeast to
the southwest. The Middle Triassic volcanism of the
Montenegrin littoral was investigated by Djordjevi6 and
KnezeviC (DjordjeviC & Knezevi6, 1969; Knezevi6,
1975, 1976). The volcanoclastics were studied by Obra
dovi6 (1979). Cafiero and De Capoa Bonardi (1980, 1981)
examined the upper Triassic halobiids and conodonts.

Little attention was paid to the Jurassic and Lower
Cretaceous succession. Radoici6 has worked extensively
but published a relatively small part of her results,
mostly in general papers dealing with the paleogeogra
phy of the Extemal Dinarides (Radoici6 in D'Argenio et
al., 197 I; Radoici6, 1982, 1987a, I987b; RadoiciC &
D'Argenio, 1988) or pmticular fossil content (RadoiCi6,
1967, I987c). VidoviC et al. (1958) presented the regio
nal distribution of the Upper Cretaceous beds with glo
botruncanids. Obradovi6 et al. (1988, 1989) described
carbonate turbidites of Cretaceous age. Maastrichtian
and Paleogene deposits were studied by Pavi6 (1970).

Radiolarian work in the Budva Zone was initiated in
the late 1980's (Obradovi6 et al., 1986; Gorican, 1987;
Obradovi6 & Gorican, 1989). Lower Jurassic, Middle
Jurassic and middle Cretaceous radiolarian assemblages
were obtained from the Gornja Lastva section near
Tivat.

A complete bibliography between 1838 and 1983 on
the geology of Montenegro was compiled by Zivaljevi6
(1989).



1.4 Summary description of localities

The location of the sections studied is indicated in
Fig. 1.2. Lithological columns are presented in Fig. lA.
They are arranged in axial northwest to southeast
direction. The ages of the exposed lithostratigraphic
units are summarized in Fig. 1.5. Different fonnations
are discussed in detail in Chapter 2.

For each locality, its tectonic position within the
Budva Zone is indicated. The thrust sheet directly un
derlying the High Karst Zone is considered the upper
tectonic unit.

I. L 0 c a lit Y n a me: Cesma
Upper tectonic unit
L 0 cat ion and a c c e ss: along a path between

the villages SasoviCi and Zlijebi, north of Hercegnovi.

S t rat i g rap h y: The section consists of 250 m of
calcarenites and carbonate breccia megabeds. A 30 m
thick sequence of bedded dolomite and dolomitic lime
stone containing about 50 % of replacement chert is in
tercalated in the lower half. Globotruncanids were found
in the dolomitic siliceous limestones near the top.

Pr e v i 0 u s wo r k: Lower part of the section illus
trated by Pavi6 (1970) and Cadet (1978).

Rem ark s: Cadet (1978) suggested a tectonic con
tact between the Cretaceous succession and the overly
ing Paleogene breccias, which implied the existence of
an intermediate Izvor Cesma Thrust Sheet between the
Budva Zone and the High Karst Zone. According to
Pavi6 (1970) and Mirkovi6 (personal communication,
1990) the contact is sedimentary, the whole sequence
thus belongs to the Budva Zone.

Fig. 1.4 (p. 14): Lithological columns of the sections studied. Names of the formations are indicated. For detailed sections with
sample numbers see Figs. 2.1, 2.2, 2.3, 2.5.

LEGEND:

Lithology:

~
----------- ------------ ----

~
~

~

shale

mal'l

knobby chert

ribbon bedded chert

siliceous limestone

pelagic limestone with replacement
chert layers and nodules

~ dolomite with replacement chert

carbonate gravity-flow deposits

fine grained
I-I-'-l-...,--L-_-I replacement chert
....... 1. . .... calcarenite
01." .1 Q ooids as dominant platform-derived component

conglomerate / breccia
c1asts: pelagic limestone, shallow water limestone, chert

Abbreviations of the lithostratigraphic units:

BLL Bar Limestone - Lower Member
BLU Bar Limestone - Upper Member
BR Bijela Radiolarite
GL Globotruncana limestone
HL Halobia limestone
LR Lastva Radiolarite
PJ "Passee Jaspeuse"
PL Praevalis Limestone
RC resedimented carbonates

Fig. 1.5 (p. 15): Stratigraphic range of the formations for the sections shown in Fig. 1.4.
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2. Locality name: Verige
Upper tectonic unit
L 0 cat ion and a c c e ss: At the Verige isthmus

in the Bay of Kotor, along the littoral road, NE of
Kamenari.

S t I' a t i g I' a p h y: About 70 m of the Lastva Radio
larite overlain by 300 m of reef-derived breccias and
turbidites were studied.

Previous work: Cadjenovic et al. (1988), Ra
doicic & D' Argenio (1988) under the name Vrmac se
quence.

3. Locality name: Bijela
Lower tectonic unit
L 0 cat ion and a c c e ss: A small church about

1 km NE from Bijela is built on the base of the Bar
Limestone Formation. The Jurassic part of the section
was sampled on the slope northward. The Cretaceous
formations and the contact with the underlying Lastva
Radiolarite are exposed along the road from Kamenari
to Krusevice.

S t I' a t i g I' a p h y: The "Passee Jaspeuse" is overlain
by the Bar Limestone, Lastva Radiolarite, resedimented
limestones, Praevalis Limestone and Bijela Radiolarite.

4. Locality name: Gornja Lastva
Lower tectonic unit
L 0 cat ion and a c c e ss: near Tivat, along the

road from Donja Lastva to Gornja Lastva.
Stratigraphy: A continuous 430 m thick suc

cession ranging fl'om the base of the Jurassic to the end
of the Albian was investigated. It consists of 40 m of the
"Passee Jaspeuse", 150 m of Bar Limestone, 150 m of
Lastva Radiolarite, 50 m of Praevalis Limestone and
35 m of Bijela Radiolarite in contact with resedimented
limestone.

Previous work: Cadet (1978), Obradovic et al.
(1986), Gorican (1987), Radoicic & D'Argenio (1988),
Obradovic & Gorican (1989). The samples of Gorican
(1987) were reexamined.

5.Locality name: GrbaljskaLastva
Lower tectonic unit
L 0 cat ion and a c c e ss: The section is exposed

in a gorge east of the village Grbaljska Lastva located
6 km from Budva in the direction ofTivat.

S t I' a t i g I' a p h y: An 11 m thick sequence of the
Bijela Radiolarite is overlain by Globotruncana lime
stone that exhibits slump folding.

6. Locality name: Petrovac
Lower tectonic unit
L 0 cat ion and a c c e ss: Along the road Petro

vac - Podgorica. The section starts at the junction with
the main littoral road Budva - Bar.

S t I' a t i g I' a p h y: Lower Jurassic to mid-Cretaceous

16

sequence comprises the "Passee Jaspeuse", Bar Lime
stone, Lastva Radiolarite, and Praevalis Limestone in
contact with the Bijela Radiolarite. Structurally, the suc
cession exposed belongs to the reversed limb of a syn
dine which, in addition, is intensely folded internally. A
breccia, consisting of large blocks of limestone, radio
larite and shales was observed within the Lastva Radio
larite. It wedges out in a distance of a few meters. At
present we are not sure if it is of synsedimentary or tec
tonic origin.

7. L 0 c a lit y n a me: Canj
Lower tectonic unit
L 0 cat ion and a cc e ss: The section starts on

the beach of the small bay of Pecin, 1 km NW from
Canj south of Petrovac. It is exposed on the slope to
wardNNE.

S t I' a t i g I' a p h y: The Upper Triassic to Turonian
succession is 350 m thick. The Halobia limestone is
overlain successively by the "Passee Jaspeuse", Bar
Limestone, Lastva Radiolarite, Praevalis Limestone and
Bijela Radiolarite in contact with the Globotruncana
limestone.

8. Locality name: Din Vrh
Upper tectonic unit
Location and access: 3.5 km in direct line

n011h from Canj between Velja Glava (603 m) and Ili
jino Brdo hills. A path goes to the north from the main
road about 2 km from Misici.

S t I' a t i g I' a p h y : The section studied comprises
25 m of the Lastva Radiolarite and 15 m of Praevalis
Limestone. The contact with the underlying Bar Lime
stone is exposed.

9. Locality name: Sutomore
Upper tectonic unit
L 0 cat ion and a c c e ss: The section is exposed

in a ravine 1 km in a direct line nOl1h of Sutomore near
ZankoviCi.

S t I' at i g I' a p h y: The "Passee Jaspeuse" and both
members of the Bar Limestone were examined.

10. Locality name: Bar
Upper tectonic unit
L 0 cat ion and a c c e ss: Along a mule track

from the ruins of the medieval city of Stari Bar toward
the NE to the village Mali MikuliCi. The Upper Jurassic
to Cretaceous part is exposed by a waterfall in a gorge
near the path.

S t I' at i g I' a p h y: A complete lowermost Jurassic to
Aptian-Albian succession was studied. It comprises
30 m of the "Passee Jaspeuse", a magnificent 360 m
thick sequence of the Bar Limestone, about 40 m of the
Lastva Radiolarite and 50 m of the Praevalis Limestone
overlain by calcarenites.



2. DESCRIPTION OF FORMATIONS

2.1 Halobia limestone

The upper pmi of the Halobia limestone is exposed
at the base of the sections studied (Fig. 2.1). This lime
stone is comprised of stratified pelagic lime mudstone
with replacement chert as nodules or layers and some
times marl intercalations. Bed thickness as well as cheli
and marl frequency are highly variable among different
sections.

Cafiero and De Capoa Bonardi (1980, 1981) studied
halobiids and conodonts from this formation. The high
est pmi of their sections is assigned to the Norian. Last
va, Bijela and Rebro (Petrovac in our work) localities
represent the downward continuation of the sections we
studied. The estimated position of the Alaunian cono
dont assemblage in the Lastva section is about 40 m be
low the contact with the "Passee Jaspeuse."

In the Petrovac section a sample situated 25 m below
the contact with the "Passee Jaspeuse" contained the
following conodonts (determination by F. Hirsch): ata
vistic forms of Epigondolella bidentata MOSHER lineage
and an advanced stage of Misikella hernsteini
(MOSTLER). At Canj sample at 0.30 m yielded a "neo
spathic" form, transitional between Misikella hernsteini
and M posthernsteini KOZUR. Both samples are as
signed to the Rhaetian. The carbonate pelagic sedimen
tation continued to the uppermost Triassic at least in so
me areas of the Budva Basin.

2.2 "Passee Jaspeuse"

2.2.1 Definition

The "Passee Jaspeuse" (Fig. 2.1) is a unit of bedded
calcareous chert alternating with shale or mar!. The se
quence is generally 30-40 m thick. It contains higher
propOliions of silica and clay constituents than the un
derlying Halobia limestone and can easily be distin
guished by its characteristic dark brownish red and
green colours.

Radiolarian dating combined with conodont data
from the Halobia limestone places the base of the
"Passee Jaspeuse" near the Triassic-Jurassic boundmy;
the upper part is Sinemurian- ?lower Pliensbachian
(Chapter 6.1).

This lithostratigraphic unit bears a close resemblance
to the time-equivalent beds of the Pindos Zone, there
fore we retained the same name "Passee Jaspeuse", pro
posed by Fleury (1980) for the middle part of the
"Calcaire de Drimos" Formation (Dercourt et aI., 1973).

2.2.2 Facies description and lateral distribution

The "Passee Jaspeuse" facies can be classified as
radiolarite in the broad sense of the term. Beds of
3-5 cm (rarely up to 10 cm) of calcareous clayey chert
of variegated dark colour prevail. The average amount
of dispersed silica is estimated to 60 %. The internal
part of beds usually contains replacement chert. Light
grey siliceous micrite beds are intercalated. Shale to
marl interlayers represent up to 60 percents of the se
quence.

Some chert beds are laminated; these laminations
consist of densely packed sponge spicules and radiolari
ans. The spicules are oriented parallel. The enrichment
of siliceous organisms indicates sorting by currents.

Especially in the lower part of the sequence up to
20 cm thick beds of breccias are interstratified. These
contain mm-sized clasts of replacement chert or lenticu
lar, compacted clasts of grey micrite in a mud matrix.
The clast to matrix ratio does not exceed 30 %. Graded
mud-supported resedimented carbonates (bed thickness
10-20 cm) are present. They include peloids, rare cri
noids, thick-shelled ostracods, nodosariids, and fila
ments, the latter being oriented parallel to the lamina
tion. The top of such beds consists of phantoms of
radiolarians in a lime-mud matrix. Flute casts and slump
folding were rarely observed. The sedimentmy struc
tures indicate that the "Passee Jaspeuse" succession is at
least partly ofturbiditic origin.

Siliceous fossil remains are present in all chert and
limestone beds. Sponge spicules prevail over radio
larians. Only rare poorly preserved radiolarians were
obtained by HF etching, because radiolarians were
probably first calcified and later replaced by silica,
which makes the extraction difficult. The position of
samples is shown in Fig. 2.] ; species content is listed in
Chapter 6. ].

The base of the sequence in the Bar and Gornja
Lastva sections contains radiolarians of presumably Het
tangian age. An aberant conodont element was found
with radiolarians at the Bar section. Whether it is re
worked or the radiolarian fauna belongs to the topmost
Triassic cannot be stated at present. The top of the
"Passee Jaspeuse" unit is assigned to the Sinemurian
?lower Pliensbachian in the Petrovac, Lastva and Bar
sections. No detenninable radiolarians have been found
at Bijela and Sutomore. The radiolarian data are too
scarce to demonstrate either a synchronism or diachro
nism of fonnationallimits.

The "Passee Jaspeuse" is present in all sections stu
died, in the upper as well as in the lower tectonic unit.
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2.2.3 Paleogeographic relationship with the
High Karst Platform

Radoici6 (I 987a) gave a synthesis of the Liassic fa
cies distribution on the adjacent High Karst Carbonate
PlatfOlm. The Rhaetian-Liassic tectonic events caused a
disintegration of the platform and differential subsidence
of newly formed blocks. In the interior of the platfOlm
shallow marine sedimentation continued, whereas the
southwestern margin (Lovcen-Rumija depression) facing
the Budva Basin was characterized by pelagic deposi
tion. The pelagic succession consists of marly nodular
limestone containing brachiopods, crinoidal detritus,
rare foraminifera (Involutina liassica (lONES)), radio
larians, and occasional juvenile ammonites. It is overlain
by oolitic limestones.

The retreat of the carbonate production into the inte
rior of the High Karst Platform diminished the shallow
water fine-carbonate supply to the Budva Basin. A
reduced periplatform-ooze input could be responsible
for the lime-poor sedimentation in the basin (see Baum
gartner, 1987). In addition, the Budva Basin probably
subsided to greater depth.

2.3 Bar Limestone

2.3.1 Definition

Type section: Bar (location Fig. 1.2, p. 16; Figs. lA,
2.2). The formation is named after the type locality.

The Bar Limestone Formation is a succession of car
bonate gravity-flow deposits. It conformably overlies the
"Passee Jaspeuse". The lithological contact is marked by
a sharp change in colour and silica content. The "Passee
Jaspeuse" is dark reddish and greenish calcareous cheli
containing about 60% of dispersed silica. The Bar Lime
stone is light grey and contains only a minor (10-20 %)
amount of silica in form of replacement chert.

The thickness of the Bar Limestone varies from 50 m
(Petrovac section, distal facies) to nearly 400 m (Bar
section, proximal facies).

The age of this formation is constrained by radiolari
ans from underlying and overlying strata (Chapter 6)
and confirmed by rare benthic foraminifera in the turbi
dite beds. The lower limit is dated as upper Sinemurian
?lower Pliensbachian. The top is diachronous. It ranges
from probably Toarcian (Bijela, Gornja Lastva sections)
to the Oxfordian (Din Vrh, Bar).

Previous work: The turbiditic character of the Juras
sic carbonate succession was recognized by several
authors: Cadet (1978), Obradovi6 et al. (1986), Radoici6
(l987a, 1987b), Radoici6 & D'Argenio (I988). No stra
tigraphic or sedimentologic study has been devoted to
this particular lithostratigraphic unit, therefore no name
has previously been introduced.

On the basis of veliical facies changes and different

lateral distribution we subdivided the Bar Limestone in
two members.

2.3.2 Lower Bar Limestone Member

2.3.2.1 General description

The Lower Bar Limestone Member (Fig. 2.2) was
deposited on both tectonic units of the Budva Zone. It is
50 m (Petrovac) to 170 m (Bijela) thick. It consists of
generally well graded and stratified resedimented lime
stone. Replacement chert nodules and beds are present
throughout the sequence and constitute 10-20 % .

Predominant lithologies are calcarenite to calcilutite
incomplete Bouma sequences. These are composed of
graded calcarenite beds (20-60 cm) (Ta), calcarenite
with coarse horizontal lamination (Tb), fine parallel
lamination unit (Td), and structureless calcilutite beds
(Te). Ripple-cross lamination (Tc) was rarely observed.
The sequences are usually amalgamated with the top- or
more often the base-cut-out. The similar composition
(radiolarian/spicule mudstone to wackestone) and local
absence of lamination make the distinction between
Bouma divisions Td and Te difficult.

Some conglomerate beds are intercalated. Coarser
resediments are generally represented by 0.5 m to 1.5 m
thick composite beds of conglomerates grading upward
to calcarenite. Well individualized thick units of con
glomerate and debris breccia occur locally.

2.3.2.2 Composition and probable sources

Finer-grained conglomerates (PI. 27, fig. 4) and cal
carenites show a bimodal grain size distribution. Gran
ule to pebble size limestone fragments are embedded in
a calcarenite matrix. The limestone clasts to matrix ratio
depends on the size of clasts. Centimeter-sized pebbles
are densely packed in only 5-10 % of matrix. Sutured
pressure-dissolution contacts are common. A part of the
initial matrix was probably removed by pressure-disso
lution. Granule size limestone clasts represent only
about 30-40 % of sediment. In calcarenite beds they oc
cur sporadically.

Calcarenite microfacies (PI. 27, fig. 5) are character
ized by 50-60 % clasts in mudstone matrix, mostly re
crystallized to microsparite and pmily to pseudosparite.
Sorting is poor to moderate. Grains comprise skeletal
debris, ooids, aggregates and peloids. Most of biodetri
tus has micrite envelopes. Biodetritus was transported as
individual grains. Larger gastropods are usually filled by
foraminifera and other debris.

In the calcisiltite fraction (PI. 27, fig. 2) pellets pre
vail over other allochems. The fine carbonate beds are
mudstones to wackestones containing calcified radio
larians and sponge spicules. Nodosariids occur sporadi
cally. The lime-mud component is probably platform
derived.
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Partial dolomitization of matrix and clasts occa
sionally occurs.

Limestone clasts: Most lime-clasts found in con
glomerates and coarse-grained calcarenites have mud
stone to wackestone texture. They contain calcified ra
diolarians and sponge spicules. Filaments, thin shelled
gastropods and nodosariids (Frondicularia, Lenticulina)
rarely occur. Clasts are rounded to subrounded with low
sphericity. Clast boundaries are often deformed when in
contact with bioclasts and ooids. These clasts can be
considered as intraclasts of coeval pelagic sediment, re
worked in a semilithified state.

Minor amounts of pelletal calcisiltite and fine-grai
ned calcarenite clasts showing heterogenous origin of
debris and sometimes internal grading were found. They
indicate that at least a part of the preceding turbidite
sequence was eroded and redeposited downslope. Rare
unfossiliferous pure micrite clasts are present. They
could possibly originate from the platform.

Ooids: The frequency of ooids increases rapidly up
section in the Bar Limestone. At the base they are rare,
relatively small, mostly superficial. From the middle
part of the Lower Member upward they constitute
30-40 % of the extraclast component in calcarenites.
Most of them are large (up to 1 mm in diameter), spheri
cal, with only a small nucleus. They show concentric
and, more seldom, radial structures.

Peloids: Large rounded micrite grains commonly oc
cur in calcarenite. Small spherical pellets are especially
abundant in siltsized intervals.

Foraminifera: The following genera and species were
found in the lower member of the Bar Limestone (deter
mination by M. Septfontaine, for the diagnostic species
the position in the sections is indicated in brackets):

Amijiella amiji (HENSON) (Gornja Lastva 135.20 m)
Everticyclammina sp.
Frondicularia sp.
Involutina liassica (lONES) (Bijela 59.30 m)
Involutina sp.
Lenticulina sp.
Mesoendothyra sp.
Ophtalmidium martanum (FARINACCi)
Planiinvoluta sp.
Protopeneroplis sp. (Gornja Lastva 108.60 m)
Pseudocyclammina liasica HOTTINGER emend.

SEPTFONTAINE (Bijela 81.80 m)
Siphovalvulina sp.
Valvulina sp.

Pseudocyclammina liasica ranges from the middle
Domerian to the lower Toarcian (Septfontaine et al.,
1991).

Foraminifera originated from open marine (nodo
sariids, Involutina) to shallow platform environment.
Most of Lituolidae are ubiquitous. In the Domerian they
inhabited either inner shelf protected lagoons or plat-

form margin, except Pseudocyclammina liasica, which
seems to have been restricted to the lagoonal facies
(Septfontaine, 1985). An occasional sediment supply
from the inner shelf is thus possible.

Other biodetritus: The most abundant biodetrital
component are crinoid and echinoid fragments which
can constitute up to 15 % of grains. Their frequency
varies irregularly through the formation. Thick-shelled
bivalves and gastropods are abundant. Most echinoderm
and mollusc fi'agments are coated with a micrite enve
lope. Oncoids and complex aggregates are common.
Occasionaly they form up to 30 % of grains. Fragments
of algae are present, among them Cayeuxia sp. and
Thaumatoporella parvovesiculifera (RAINERi) are the
most frequent. Rare bryozoans occur.

Individual grains originated ft'om platform and plat
form-basin transitional environments. Platform-margin
derived debris prevails. There is no evidence of platform
limestone clasts, transported in a well lithified state. In
addition, no fossils restricted to an age older than Dome
rian have been found. It is thus concluded that platform
derived elements were penecontemporaneously resedi
mented by turbidites in the basin.

2.3.2.3 Facies association, lateral distribution and
depositional environment

Facies associations recognized in the Lower Member
of the Bar Limestone Formation are briefly described
for each locality. For each section its present position on
the lower or upper tectonic unit is indicated.

Bijela and Cornja Lastva sections (lower tectonic
unit): Both sections are characterized by similar facies
associations with volumetrically important classical tur
bidite facies. These turbidite sequences show a graded
calcarenite layer, and rarely a clast-supported conglome
rate to pebbly calcarenite unit at the base. Several tens
of meters thick levels, however, entirely consist of base
absent Bouma sequences. Partial dolomitization was
observed only in these two sections.

Petrovac section (lower tectonic unit): The sequence
is characterized by a uniform basin-plain facies associa
tion. It is only 50 m thick and consists of fine, often
faintly laminated limestone with thin interbeds of marl.
In the slightly reddish upper part, bioturbation is fre
quent.

Sutomore section (upper tectonic unit): Three su
perposed sequences of debris-flow breccia were depos
ited which show typical inverse to normal grading. The
biggest clasts reach 60 cm in diameter. Blocks of bed
ded internally folded slope dposits are caught up in
breccias. The first debris-flow breccia contains big
clasts of red vitreous chert probably derived from the
underlying Upper Triassic strata. Disorganized debris
flow breccias are overlain by a graded pebble-sized
conglomerate to calcarenite unit.
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These two-layer deposits alternate with fine-grained
carbonates. The thickness of the same breccia bed varies
from 2 to 8 meters in a distance of a few meters. This
facies association laterally interfingers with classical
carbonate turbidites. The composition of debris-flow
breccias and small scale facies distribution fit well with
the depositional model proposed by Krause and Older
shaw (1979). Such carbonate gravity flows initiated on
the slope and moving downslope build their own chan
nels, which explains the moderate thickness of the
Lower Bar Limestone Member (25 m in comparison
with 150 m in other sections) and the underlying "Passee
Jaspeuse" (2 m vs. 30-40 m). The moderate thickness
can be, in addition, related to the paleogeographic posi
tion of this section on the upper part of the slope (see
Fig. 4.3a, Chapter 4).

Canj section (lower tectonic unit): This Lower Bar
Limestone Member is 120 m thick. The lower half is
dominated by fine-grained turbidites organized in
base-cut-out Bouma sequences. Medium-grained tur
bidites prevail in the upper part.

Four levels of clast suppOlted conglomerates capped
by normally graded pebbly mudstone are intercalated.
The thickest conglomerate bed reaches 16 m and con
sists of large (up to 20x50 cm) densely packed calcilu
tite clasts (P\. 28, fig. 3). Such two-component gravity
flow deposits represent a distal equivalent of disorgan
ized debris breccias (Krause & Oldershaw, 1979). A
possible correlation with the Sutomore section is shown
in Fig. 2.2. Their paleogeographic relationship is given
in Fig. 4.3a, Chapter 4.

Bar (upper tectonic unit): The Lower Member of the
Bar Limestone is 140 m thick. It shows two distinct li
thological associations. The lower half of the section
does not exhibit typical turbidity-current features where
as the upper part is characterized by classical carbonate
turbidites interbedded with thin layers of greenish mar\.

The following observations concern the lower half of
the succession. The characteristic lithology is thinly bed
ded limestone containing a pelagic fauna. Four levels of
massive lime mudstone are interstratified. They display
faint bedding, either parallel or oblique (lower two
levels) to the general stratification of the sequence. They
are interpreted as creep deposits and slides respectively.
At the base of the first slide a lenticular, graded micro
conglomerate occurs. It is composed of radiolarian
wackestone clasts in a matrix of a radiolarian-filament
mudstone. Rare ostracods and echinoderms are incorpo
rated in the matrix. This microconglomerate layer may
represent a turbidite which became deformed along the
detachment of the overlying slide.

The described stratigraphic interval is characterized
by the dominance of lime mud which is probably of pe
riplatform origin. The dominance of peri-platform ooze
facies associated with extensive submarine sliding is
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characteristic of the intercanyon highs on the upper
slope in the base-of-slope apron model (Mullins &
Cook, 1986).

Sum m a l' y: The Lower Bar Limestone accumu
lated on the northeastern depositional slope of the
Budva basin, passing to basin-plain (Petrovac section)
(Fig. 4.3a in Chapter 4).

Two different depositional areas could be recognized
along the basin axis. In the northwestern part of the
Budva Zone medium-grained calcareous turbidites begin
at the base of the lower member of the Bar Limestone
(Bijela, Gornja Lastva sections). In the southeastern
part, the lower member shows a vertical transition from
lime-mud dominated facies in the lower half to classical
turbidites in the upper half (Bar, Canj sections).

Confined proximal (Sutomore) to distal (Canj) mass
flow deposits have been observed locally but cannot be
traced further north. They are interpreted as local col
lapse events possibly related to tectonic instability in the
basin.

In the middle part of the Budva Zone no continuous
sections can be found because of the rather complex tec
tonics. Thus it is difficult to reconstrLlct the lateral con
nection between these two areas.

2.3.3 Upper Bar Limestone Member

2.3.3.1 General description

The Upper Member of the Bar Limestone (Fig. 2.2)
is characterized by thick oolitic beds comprised in
megaturbidite sequences. Ooid packstone facies contain
ing only about 10 % of other grains commonly occurs.
In the calcarenites of the Lower Member, on the con
trary, the ooids do not exceed 40 % of the total grain
population. Oolites occur at the top of graded cal
carenite units, as individual beds at the base of a coarse
grained turbidite sequence, or as independent deposits.
Pure oolite beds show no grading and can be more than
20 m thick. Large replacement chert nodules still exhib
iting the texture of oolites are common.

The Upper Bar Limestone Member is well exposed
in the Bar section (Figs. 2.2; P\' 28, figs. 1, 2). It con
sists of 220 m thick succession of carbonate grav
ity-flow deposits. The transition between the Lower and
Upper Member is marked by several meters of light
green mar\. Four megacycles comprising thick coarse
grained conglomerates and oolite megabeds can be
recognized. These are separated by 5 to 10 m thick
sequences of fine resedimented carbonates. The upper
most portion is characterized by a 20 m thick thinning
and fining-upward sequence with a gradually increasing
amount of replacement chert. The overlying Lastva Ra
diolarite is limefree.

Age: The Aalenian to Lower Bajocian foraminiferal
assemblage (Gutnicella cayeuxi (LUCAS), Spiraloconu-



Ius perconigi ALLEMAN & SCHROEDER (determination
by M. Septfontaine» was found in the first oolite bed at
Sutomore. Chert samples 10 m above the lowest out
cropping oolite at Canj yielded lower to lower upper
Bajocian radiolarians (Chapter 6). The Lower Bar Lime
stone Member is overlain by shales or marls. The transi
tion between both members is often covered. The sup
posed age for the transition from the Lower to the Upper
Member is lower Toarcian, based on the lithologic cor
relation with widely expanded clay-rich deposits of this
period (Jenkyns & Clayton, 1986; Jenkyns, 1988).

The top was dated with radiolarians obtained from
the overlying Lastva Radiolarite. They indicate an Ox
fordian age (Bar, sample BM 102; Din Vrh, sample DIN
1.50 m; Chapter 6).

2.3.3.2 Composition

The description includes turbidites intercalated in
basin plain Lastva Radiolarite Formation (see Chapter
2.4).

The unique lithological unit of the Upper Bar Lime
stone Member is the pure oolite megabeds. Otherwise
the facies of both members are identical.

Oolitic packstone (PI. 27, Figs. 1, 3) consists of
60-70% debris in a micrite matrix; it is generally recIYs
tallized to microsparite, rarely to pseudosparite. Ooids
comprise 60-90 % of all platform-derived clasts. They
are large (1 mm in diameter), generally with a concen
tric, rarely radial structure. Completely micritized ooids
are common.

Other c1asts are echinoderms, molluscs, oncoids,
codiacean algae, encrustacean algae (Pseudolithocodium
carpaticum MISIK), peloids and rare large hollow sponge
spicules. The following foraminifera were found (deter
mination by M. Septfontaine; for the stratigraphically
important species the position in the sections is
indicated in brackets):

Amijiella amiji (HENSON)
Everticyclammina sp.
Gutnicella cayeuxi (LUCAS) (Sutomore 106.00 m,

Sutomore 122.00 m, Gornja Lastva 225.70 m)
Lenticulina sp.
Mesoendothyra croatica GUsIC
Nautiloculina oolitica MOHLER
Placopsilina sp.
Protopeneroplis striata WEYNSCHENK (Canj

214.20 m, Canj 228.00 m, Petrovac 65.60 m)
Siphovalvulina sp.
Spiraloconulus perconigi ALLEMAN & SCHROEDER

(Sutomore 106.00 m, Gornja Lastva 225.70 m)
Trocholina sp.
Gutnicella and Spiraloconulus make their first

appearance in the Aalenian (Septfontaine et aI., 1991).
They were found coexisting near the base of the Upper
Member. Other taxa confirm the Middle Jurassic age.

The genera Gutnicella, Protopeneroplis and Spira
loconulus are restricted to the outer shelf margin, the
others are ubiquitous (Septfontaine 1980, 1985, pers.
comm. 1992). No typical inner-shelf foraminifera have
been found.

2.3.4 Comparison between Lower and Upper
Member, paleogeographic pelationship With
The High Karst Platform

The Upper and Lower members differ in com
position, facies associations and distributional patterns.

C 0 m p 0 sit ion: The grain constituents in both
members of the Bar Limestone show the same origin of
sediment supply: penecontemporaneous platform-deri
ved debris mixed with semilithified coeval pelagic lime
clasts. The higher proportion of ooids in the Upper
Member (60 to 90 % vs. maximum 40 % of shallow
water grains in the Lower Member) reflects an increased
production in the source area. The adjacent High Karst
Platform was dominated by a system of oolitic bars in
the Middle Jurassic, whereas during the Liassic only
smaller discrete oolitic shoals were formed (Radoicic,
1982).

Fa c i e sas s 0 cia t ion: The Upper Bar Limestone
Member reveals dominant coarse-grained high-density
turbidites associated with oolitic megabeds and about
10 % of fine resedimented carbonates. Oolitic sands
locally filled in the pre-existing channels (Sutomore
section).

Compared to the Lower Bar Limestone Member, the
overall succession of the Upper Member exhibits a
coarser grained composition, thicker bedding and pro
portionally less lime mudstone beds associated. The cal
culated sedimentation rate (Chapter 3, Fig. 3.2) is about
15 m per million years for the Lower and about 10 m for
the Upper Member. Taking into account also the thicker
bedding, a decrease in frequency of gravity-flow events
can be inferred.

Lateral distribution: The Upper Bar Lime
stone Member is less extended laterally than the Lower
Member (see Fig. 4.1, compare Figs. 4.3a and 4.3b,
Chapter 4). The carbonate slope facies association char
acterizes only the upper tectonic unit (basin margin).
Coeval deposits in the lower tectonic unit are lime-free
radiolarites, occasionally punctuated by resedimented
carbonates (basin plain). The antecedent topography
could allow the base of the Upper Member to accumu
late distally (Canj section).

The Middle Jurassic platform margin is believed to
have acted primarily as a barrier. The dominant compo
nent resedimented to the basin was the marginal oolitic
sand, which was not cemented at an early stage. It
moved downs lope and triggered compound gravity
flows, which travelled relativelly short distances and
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produced depositional geometries with steeper slopes
(see Kenter, 1990). The retreat of oolitic bars to the in
terior of the High Karst Platform starting at the end of
the Liassic and continuing during the Dogger (Radoicic,
1982), amplified the shift of the slope-facies belts to the
nOltheast. The main periods of lagoonal-mud off-bank
transport could occur only when the platform was com
pletely flooded. Less fine carbonate was dispersed sea
ward than during the Early Jurassic which allowed the
lime-free radiolarite to accumulate in the basin.

The Middle Jurassic resedimented limestones of the
upper tectonic unit around Kotor Bay are volumetrically
subordinate to holosiliceous deposits (Cadet, 1978).
This observation implies that the differences between
the northwestern and southeastern depositional area as
recorded during the accumulation of the Lower Bar
Limestone Member, persisted to the Middle Jurassic.

In the Canj section a 20 m thick unit of oolite,
coarse-grained graded conglomerate and calcarenite is
interstratified in the radiolarite. It represents a single
compound gravity-flow deposit. The overlying radio
larite is Callovian in age. In the northwestern pmt of the
basin (Bijela, Gornja Lastva), the resedimented carbon
ates of this age are abundant but single-event deposits
do not display any exceptional thickness, Similarly to
the Liassic resedimented carbonates, we can deduce that
coarse-grained units are discontinuous, locally restri
cted, and dependent upon variations in basin margin
topography.

2.4 Lastva Radiolarite

2.4.1 Definition

Type section: Lastva (location Fig. 1.2, p. 16, Figs.
104,2.3) The formation is named after the type locality.

The Lastva Radiolarite is a sequence of rhythmically
alternating chert and shale layers. Beds of silicified cal
carenites are intercalated.

The radiolarites conformably overlie the Bar Lime
stone Formation. The base is abrupt. It is defined with
the first thick sequence of variegated shale or radiolarian
chert. The lithological change is generally well marked
also by field morphology and vegetation, which allows
an easily mappable distinction of both formations. At the
upper boundary the Lastva Radiolarite is overlain by si
liceous reddish limestone (Praevalis Limestone). A part
of these two pelagic sequences can be displaced by plat
form-derived resedimented carbonates.

Age: The fOlmation was dated by radiolarians. The
oldest age obtained is Aalenian-Iower Bajocian, 35 me
ters above the contact with the Bar Limestone in the
Lastva section (sample GL 123, Chapter 6). A paly
no logical study of the equivalent "Pelites de Kasteli" in
the Pindos Zone revealed a Liassic age (Lyberis et al.,
1980). On the basis of organic-matter enrichment,
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Jenkyns (1988) assumed the lower Tom'cian for this li
thologic unit. The youngest recorded age for the base of
the fonnation is Oxfordian (Din Vrh, sample 1.50,
Chapter 6). The top is upper Tithonian and synchronous
in the continuous pelagic succession. When overlain by
resedimented carbonates the topmost radiolarites can be
as old as the Kimmeridgian.

As a consequence of the highly variable time span of
the radiolarite accumulation, the thickness of the forma
tion varies from about 20 meters (Din Vrh) to 150 me
ters (Gornja Lastva). In sequences attributed to the High
Karst - Budva Zone transition, the Jurassic radiolarite is
missing (D' Argenio et al., 1971; Radoicic & D'Argenio,
1988).

2.4.2 Facies description

Considering the colour, shale content and bedding
style the following radiolarite facies can be distin
guished from base to top (Fig. 2.3):

The variegated facies is divided in two parts. The
first (V I) (PI. 28, fig. 4) is characterized by a very high
proportion of dark green or brownish shale alternating
with thin beds of chert. Most chelt beds are about 5 cm
thick grey laminated siliceous sandstone consisting of
sponge spicules and radiolarians. The high concentration
of siliceous organisms and laminated structure suggests
a bottom-current redeposition. The preservation of ra
diolarians is extremely poor. Centimeter-thick layers of
dark variegated argilaceous chert are present. These
contain rare moderately preserved radiolarians. Chert
beds do not exceed 30 % of the sequence.

Higher in the sequence (V2) the shale constituent
gradually decreases (PI. 28, fig. 5). Dark reddish-green
chelt beds are thicker (5 to 10 cm), sometimes nodular,
and are progressively less argilaceous. Siliceous sand
stone beds disappear. Cherts represent 60 % to 90 % of
the sequence. Moderately preserved radiolarians can be
found in all chelt beds. The slightly argilaceous chert
occasionally contains a very well preserved and diverse
fauna.

Green radiolarite (G) generally consists of thicker
(average 10 cm) unevenly bedded, sometimes laminated
greyish-green chert. Thin interlayers of slightly argi
laceous yellowish-green chert are present at joints. They
contain a small percentage of diagenetic pyrite (oxidized
to limonite) in the form of scattered euhedral crystals.
The content of chelt varies from 95 % to 100 % of the
sequence. The uppermost part of the green radiolarite in
the Bar and Bijela sections is composed of thin, evenly
bedded argilaceous chert with 20 % shale interlayers.
The average preservation of radiolarians is very poor.
Thinner yellowish interlayers, on the contrary, can yield
pyritized Nassellaria-dominated fauna.



Greenish-red (GR) knobby radiolarite is character
ized by 3 to 15 cm thick undulating cheli beds alternat
ing with a maximum 5 % shale. This facies is a few me
ters thick and always interstratified between green radio
larite and red knobby radiolarite. Chert beds are red in
the middle pmi and green at the margins. The original
colour was probably red, the margins owe their green
colour to diagenesis. Radiolarians are abundant, diverse
and well preserved.

Red knobby radiolarite (Rk) facies consists of
decimeter-sized nodular chert beds with a high pinch to
swell ratio. No shale is interlayered. At Canj, where the
facies is best exposed, it changes fi'om orange-red
through dark red to brick-red upsection. Radiolarians
are well preserved.

Red ribbon (Rr) radiolarite displays a very regular
alternation of dark brownish-red argilaceous chert (beds
3 to 6 cm) and centimeter-sized shale interlayers. The
content of chert beds varies from 80 % to 90 %. In the
Canj section this facies is directly overlain by pelagic
cherty limestone, the uppermost portion (3.5 meters) is
brick red, containing some dispersed carbonate. Radio
larians are velY abundant but moderately preserved and
usually compressed because of the compaction of the
relatively clay-rich sediment.

Besides radiolarians, sponge spicules and rhaxes oc
cur through all the radiolarite succession. They are es
pecially abundant in the lower variegated facies, where
they predominate over radiolarians.

Carbonate gravity-flow deposits are intercalated
throughout the Lastva Radiolarite. Calcarenite beds are
silicified, generally 5-20 centimeters thick, rarely up to
30-40 centimeters. Occasionally thicker graded turbidi
tes which escaped complete silification are interstrati
fied. They were studied in thin section, for composition
see Chapter 2.3.3.2. The frequency of calcarenite beds
varies from absent to more than 50 % of the succession.

2.4.3 Radiolarian dating

The Lastva Radiolarite was systematically sampled
at 5 m to 10 m intervals (Fig. 2.3). The biostratigraphic
correlation among the sections studied was accom
plished by means of the BioGraph computer program
(Savary & Guex, 1991), based on the Unitary Associa
tion Method (Guex, 1977, 1991). The age assignment is
based on published radiolarian zonations. Details on
procedure and results are given in Chapter 6; radiolarian
species present in each sample are indicated in the Ap
pendix.

2.4.4 Relationship with older, time-equivalent,
and younger formations

The oldest age obtained for the Lastva Radiolarite is
Aalenian-Iower Bajocian in the Gornja Lastva section. A

relatively thick lime-free succession below the lowest
radiolarian samples (Gornja Lastva, Bijela) suggests that
the accumulation of radiolarite could start as early as
Toarcian. The lower Dogger or earlier onset of radiola
rites is a general characteristics of the Tethyan basins
which had subsided in the Triassic (De Wever &
Dercourt, 1985; Baumgminer, 1987; De Wevel', 1989).

The Lastva Radiolarite interfingers with platform-de
rived resedimented carbonates (Upper Bar Limestone
Member) which locally (Bar, Din Vrh) inhibited the ac
cumulation of radiolarite as a normal basin-plain sedi
ment. It is thus easy to explain the highly variable age of
the base of the formation within the same basin. The
maximal diachronism recorded ranges fi'om the Aale
nian-lower Bajocian (or maybe even Toarcian) to the
Oxfordian. The same phenomenon of platform origina
ting gravity-flow deposists, which displaced the autoch
thonous pelagic sediment, is observed for the top of the
formation in the nOlihwestem edge of the basin. The
distance from the source area, type and rate of platform
production, tectonics, slope morphology and slope to
basin transition relief, which controlled the distribution
of the resedimented carbonates, determined indirectly
the distribution of the radiolarite deposition.

The radiolarite accumulation reached its maximum
expansion in the Oxfordian and Kimmeridgian. At that
time the High Karst Platform was rimmed by a reef
(RadoiciC, 1982). The reef facies occurs along the entire
High Karst Platform margin facing now the Budva Basin
(Grubic, 1983). The early lithified reef barriers blocked
the transport of shallow water sediment off shore and
therefore favored radiolarite deposition in the basin.

The development of a reef complex is a general
characteristic of Dinaric carbonate platforms in the Up
per Jurassic. Bosellini et al. (1981) interpreted the tran
sition fi'om oolitic barriers to reef-rimmed platform on
the Friuli Platform, and suggested that the oolitic
"factOlY" shut down because of a short eustatic drop in
sea level in the Callovian proposed by Hallam (1978,
R11 regression in Hallam, 1989, compare Fig. 4.2). The
subsequent Oxfordian transgression flooded the cemen
ted bottom and provided a suitable substratum for reefal
organisms.

The radiolarite deposition was replaced by pelagic
limestone in the Upper Tithonian. The increase of car
bonate is abrupt (Canj, Bar) except, where calcarenites
and marls are intercalated (Lastva, Din Vrh).

Contemporary changes in lithology characterize the
western Tethys and Atlantic sections. Weissert and
Channell (1989) documented a progressive decrease of
the carbon isotope curve stmiing at the Kimmerid
gian-Tithonian boundary and achieving minimum values
in the Upper Tithonian. They related this to other syn
chronous changes in the Tethys and Atlantic indicating a
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modification in ocean chemistry. They concluded that
drier climate conditions in the Upper Tithonian and
Early Berriasian, as stated also by Hallam (1984, 1986),
decreased water runoff on continents bordering the
Tethys, diminished transfer of nutrients to the ocean and
consequently reduced surface water productivity. Other
scenarios explained changes in radiolarian versus nan
noplankton sedimentation in terms of changes in upwel
ling conditions (Jenkyns & Winterer, 1982), decreased
influence of a Late Jurassic equatorial current (Baum
gartner, 1984, 1987), or establishment of a global equa
torial current system through Central America (De
Wever et al., 1986a; De Wever, 1989).

Most of the complete Tethyan sections deposited
during the Tithonian-Berriasian show a rather gradualli
thological transition to lime-rich facies (see Baum
gartner, 1984). They are characterized by a significant
amount of carbonate starting already in the Oxfordian.
An abrupt change from radiolarite to limestone sedimen
tation has been observed in the Pindos (FleUly, 1980;
Baumgartner, 1984; De Wever & Cordey, 1986) and in
distal sequences of the Budva Zone. A progressive in
crease of carbonate in some sections (Lastva, Din Vrh)
was probably related to local input of lime-mud from the
adjacent platform.

2.4.5 Lateral and vertical relationship among
different radiolarite facies

The relative abundance of interstratified calcarenites,
proportion of shale interbeds, and colour change from
green to red chert were plotted in a time-scale diagram
(Fig. 2.4). Distinctive radiolarite facies show a regular
distribution pattern.

C a Icar e nit e san d s h a Ie s: The percentage of
intercalated calcarenite beds differs laterally according
to the proximity of the High Karst Platform. The major
observed vertical shifts toward higher or lower values
occur in parallel. A high frequency of resedimented car
bonates is recorded through the Middle Jurassic. It
abruptly passes to minimum values, characteristic of the
Oxfordian and Kimmeridgian. A synchronous increase
takes place at the Kimmeridgian-Tithonian boundary.

Changes in clay content occur more or less simulta
neously in the whole basin. From the Toarcian to the
Bathonian the clay constituent progressively decreases
and reaches its minimum during the upper Bathonian to
Oxfordian. An increase of the clay content is recorded in
the Kimmeridgian. At the Canj section it is slightly de
layed.
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The red knobby (Rk) chert, when present, is overlain
by red ribbon (Rr) chert. This facies change is a conse
quence of an increased input of clay which reduced the
permeability of the sediment. Therefore, it cannot be
used as a stratigraphic marker even over relatively shOli
distances (compare sections Gornja Lastva and Canj in
Figs. 2.3 and 4.1).

The pre-Oxfordian succession in the Gornja Lastva
section shows a distinctive maximum frequency of re
sedimented carbonates through the upper Bathonian and
Callovian (compare also Chapter 3, Fig. 3.1), coupled
with minimum values of shale components. The Middle
Jurassic High Karst Platform characterized by an oolitic
barrier rim and steep slopes can be compared to the
tropical-water carbonate platforms with a pronounced
highstand shedding (review in Schlager, 1992, Eberli,
1991a,b). The high volume of resedimented carbonates
would thus imply a local sea-level highstand during the
upper Bathonian and Callovian. On the other hand, the
Middle Jurassic temporal variations in resedimented
carbonates and shale abundance are poorly reproducible
through the Budva Zone. On the basis of our data they
cannot be directly interpreted in terms of sea-level os
cilations.

The drastic reduction of resedimented carbonates at
the Callovian-Oxfordian boundaIy coincides with the
development of a protective reef on the platform margin
(Radoici6, 1982) which efficiently dammed off-shore
sediment transport. Hence, the Oxfordian and Kimme
ridgian basinal facies were sedimented almost free of re
sedimented carbonates.

The Kimmeridgian addition of clay input can be cor
related with the bauxite deposits in the interior of the
High Karst Platform. The roof of the main bauxite de
posits of Montenegro consists of lagoonal limestones
with Clypeina jurassica FAVRE, assigned to the Titho
nian (Besi6 et ai, 1965; Buri6, 1966, Radoici6, 1982).
The bed and wall rock show ages ranging from Upper
Jurassic back to Upper Triassic (Besi6 et al., 1965,
Buri6, 1966) which implies that some parts of the High
Karst Platform were emerged during a longer period.
The increased clay runoff might have been a conse
quence of the High Karst Platform emergence. A global
sea-level highstand has been postulated for the Kimme
ridgian (Haq et aI., 1988; Hallam, 1988). The sea level
drop on the High Karst Platform in this period was thus
probably induced by local tectonics. Significant lateral
differences in time of subaerial exposure between the
different regions of the High Karst Platform would fur
ther corroborate with this hypothesis. The correlation
between the clay input in the Budva Basin and bauxite
deposits in the High Karst Platform remains, nevelihe
less, speculative since the provenance of clay in the
Budva Zone has not been studied.

The Tithonian increment of the interstratified cal-

carenites postdates the increase of clay constituent. It is
synchronous with reef-derived resedimented carbonates,
which completely displaced the radiolarite in the nOlih
western pmi of the basin. The existence of resedimented
carbonates also in the southern part of the basin suggests
that both may be related to the same event (probably
tectonic) which provoked a partial erosion of the plat
form margin (see Chapter 2.5).

The abundance of calcarenites as well as clay con
stituent in the Lastva Radiolarite reveals more or less
synchronous changes in all parts of the Budva Basin.
General controlling factors can thus be inferred. At least
at the relatively coarse time-scale comparison the local
topographic variations seem to play a subordinate role in
determining the facies distribution.

Col 0 u r ch an g e: The green radiolarite facies (G)
is widespread all over the basin in the Bathonian and
Callovian. Upwards it can either pass to red knobby
(Rk) or directly to red ribbon (Rr) facies. As shown in
the diagram (Fig. 2.4) the colour change, signirying
change from oxygen-depleted to relatively more oxy
genated sea bottom conditions, does not appear syn
chronously. The oldest recorded red radiolarites are
lower Oxfordian (Canj section).

On the basis of the distribution of the resedimented
carbonates, a relative distance from the platform can be
established for the sections studied. The diachronous
limit between green and red radiolarite follows the same
pattern. Low-oxygen conditions persisted longer in near
platform areas.

The Din Vrh section is an exception to the rule.
Compared to the Bar section, the radiolarite sedimenta
tion started later, which evokes a shorter distance from
the platform. On the contrary, the green to red colour
change occurred earlier. It should be noted that through
out the sequence some fine-carbonate beds are interca
lated. The carbonate input provoked an increase of the
pH of the bottom water and thus allowed the red facies
to accumulate at a relatively lower Eh (Eh-pH diagrams
of Garrels & Christ, 1965).

The landward side of the semi-enclosed basins with
estuarine circulation acts as a nutrient trap enhancing
organic productivity (De Boer, 1991). This model could
provide a possible explanation for the oxygen-depleted
conditions in near-coast areas of the Budva Basin. Or
ganic matter enrichment due to faster burial rates or
higher plankton production remains difficult to prove
because the green facies does not systematically couple
with higher sedimentation rates (see Chapter 3) nor with
thicker chert beds. A higher productivity of nonskeletal
organisms is nevertheless possible. The oxygenation of
bottom water was furthermore a function of bathymetry
and deep oceanic currents. The Budva Basin is compa
rable to the Recent Guaymas Basin, Gulf of California,
with the basin sill situated below the core of oxygen
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minimum layer (Ingle, 1981). The progressive change to
more expanded oxygenated conditions through the Late
Jurassic might have been a result of progressively in
creasing depth or bottom water circulation.

2.5 Jurassic-Lower Cretaceous
resedimented carbonates

2.5.1 General description

Resedimented carbonates (Fig. 2.5) were deposited
as a time-equivalent facies to a part of the radiolarites
and Praevalis Limestone. They are composed mainly of
turbidites, consisting of graded fine breccia or cal
carenite, to calcisiltite sequences, occasionally with thin
mal'l interbeds. Calcarenite beds are usually 50-70 cm
thick, sometimes more than 2 m thick. Parallel lamina
tion is a common sedimentmy structure.

The most characteristic deposits are up to 12 m thick
debris-flow breccia beds. These consist of pebble to
cobble-sized angular reef-limestone clasts in a micritic
matrix. Slump folds are present. The overall succession
contains 15-25 % of replacement chert.

Age: Kimmeridgian age was detelmined in the high
est radiolarite beds below the breccias. Upper Titho
nian-Berriasian radiolarian assemblage was found below
a fine-grained breccia bed containig stromatoporoids in
the Gornja Lastva section. Calpionellopsis oblonga
(CADISCH), which indicates an upper Berriasian to lower
Valanginian age (Remane, 1985), occurs in the upper
part of the Verige section in breccia matrix (Radoici6 &
D'Argenio, 1988). The carbonate gravity-flow deposi
tion thus persisted at least through the Berriasian.

2.5.2 Composition and sources

Breccias and calcarenites consist of angular litho
clasts, usually densely packed, sometimes showing sty
lolitic contacts. Matrix is generally completely reClYS
tallized. Subhedral dolomite crystals frequently occur.
Rarely, matrix consists of pelagic carbonate mud or
sand-size platform debris. Sorting is very poor.

Most of lithoclasts originated from shallow-water
environments. Several microfacies were recognized:
boundstone, oolitic grainstone, peloidal wackestone, and
packstone with bivalves, foraminifera and intraclasts.
Subrounded carbonate-mudstone clasts with pelagic
fauna are very rare.

The skeletal debris was mainly transported incorpo
rated in Iithoclasts. Individual fossil remains can be
found in the calcarenite fraction. The following fossils
are abundant: stromatoporoids, chaetetids, binding or
ganisms (Tubiphytes, Pseudolithocodium, Baccinella),
oncoids, and echinoderms. Other fossils are foraminif
era, thick-shelled molluscs, blyozoans and corallinacean
algae.
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Among the reef builders stromatoporoids and chae
tetids occur throughout the sections. The following taxa
were identified to a species level (determination D.
Turnsek, position of samples indicated in brackets):

Astrostylopsis circoporea GERMOVsEK (Bijela II
12 m, Fig. 2.3)

Chaetetes ehrenbergi FLOGEL (Bijela II 12 m,
Fig. 2.3)

Ellipsactinia polypora CANAVARI (Verige 430 m)
This assemblage is characteristic of the outer zone of

the Oxfordian-Kimmeridgian reef body (Turnsek, 1969;
Turnsek et al., 1981).

Foraminifera (determination by M. Septfontaine):
Labirinthina mirabilis WEYNSCHENK

(Verige 386 m)
Alveoseptajaccardi (SCHROEDER) (Verige 386 m)
Both species are characteristic of the Oxfordian and

Kimmeridgian (Septfontaine et al., 1991).

The majority of Iithoclasts originated from a some
what older reef-rimmed platform. Mainly the external
zone of the reef complex seems to have been eroded. No
Cladocoropsis, characteristic of the back-reef area, has
been found in the extraclasts. Some debris represents
time-equivalent pelagic origin and maybe also shallow
water deposits.

2.5.3 Probable causes of platform erosion

A gradual narrowing of the Dinaric Tethys took
place in the Late Jurassic and culminated in oceanic ob
duction at the end of the Jurassic (Dimitrijevi6, 1982;
Pami6, 1982; Karamata, 1988) (see Fig. 1.1 for the pre
sent position of the ophiolite complex). The onset of fly
sch deposits containing reworked ophiolitic debris
(Bosnian Flysch) has been dated as Tithonian?-Ber
riasian (Blanchet et al., 1969; Rampnoux, 1974; BIan
chet, 1975) in the Bosnian Zone (see Fig. 1.1 for the tec
tonic position). An upper Tithonian-Lower Cretaceous
erosion of obducted ophiolites has been documented
also in the internal Albanides (Kodra et al., 1993) and in
the Beotian Flysch in the Hellenides (Clement, 1971;
Celet & Clement, 1971; Thiebault & Clement, 1992).
The formation of bauxite horizons overlain by Tithonian
deposits on the High Karst Platform (Besi6 et al., 1965;
Buri6, 1966; RadoiCi6, 1982) could be ensued from re
gional compression-generated stresses provoking uplift,
and associated with global humid climate (compare
D'Argenio & Mindszenty 1991; 1992; see Chapter
2.4.5). It seems plausible that the tectonically induced
uplift was responsible also for the partial erosion of the
western High Karst Platfonn margin into the Budva Ba
sin. Tectonic activity of the High Karst Platform as a
major mechanism triggering Cretaceous carbonate grav
ity flows in the Budva Basin was infened also by Obra
dovit et al. (1988, 1989). A long-term eustatic sea-level



drop stmiing in the Tithonian and lasting to early
Valanginian (Haq et aI., 1988) might have further en
hanced the erosional processes.

The onset of carbonate gravity-flow deposits marks a
reef destruction event. Its Kimmeridgian-Tithonian age
roughly corresponds to the extinction of most barrier
reefs, which dominated the northern Dinaric Carbonate
Platform margin during the lower Maim (Turnsek et aI.,
1981). In Montenegro, sphaeractinian reefs are sup
posed to range into the Lower Cretaceous (RadoiCi6,
1982; Grubi6, 1983). Their stratigraphic distribution
should probably be reevaluated. It seems likely that the
reef buildups in the Tithonian and early Cretaceous, if
they existed, must have had a much reduced areal extent
with respect to the Oxfordian and Kimmeridgian.

2.5.4 Lateral distribution and local
paleogeographic relationships

Continuous successions of upper Maim-Lower Cre
taceous resedimented carbonates are confined to the
northwestern edge of the Budva Zone (Fig. 4.3d). The
sequence of the proximal facies (Verige section) is at
least 300 m thick. The estimated thickness of the distal
sequence (Bijela section) reaches 40 m. The latter tenni
nates with a fining-upward portion grading to reddish
cherty pelagic limestone. The abundance of resedimen
ted carbonates decreases toward the southeast. In the
same time interval, sections situated south of Kotor Bay
show prevailing radiolarite and pelagic limestone facies
with some calcarenites and rare fine breccias inter
calated (Gornja Lastva, Din Vrh, Bar). These parts of
the basin must have been more distant from the source
area.

The observed distance of the Tertimy nappe over
thrusting is greater in the southeast than in the northwest
of the Budva Zone (Antonijevi6 et aI., 1969b; Mirkovi6
et aI., 1968b), which partly explains the lack of out
cropping slope facies. The southernmost reef-derived
breccias and calcarenites are recorded in the area around
Budva (Djenas sequence in D'Argenio et aI., 1971; Ra
doici6 & D'Argenio, 1988).

In the northwestern realm the carbonate slope facies
association is observed also in the antecedent (Middle
Jurassic) basin-plain areas (Bijela section), whereas in
the southeast, even proximal regions only occasionally
received medium-grained resediments (Din Vrh, Bar)
(compare Bijela and Bar sections in Fig. 4.1, Chapter 4).
The pre-Tithonian bauxite deposits in the interior of the
High Karst Zone are restricted to the area nOlihwest of
Podgorica (Besi6 et aI., 1965; Buri6, 1966). The distri
bution of the bauxite deposits implies that the High
Karst Platform was inclined toward southeast, probably
due to more pronounced differential uplift in the north
western area. For the same reason, the fracturing and

erosion of the platform margin may have been more
vigorous in the nOlihwestern area. On the other hand, it
seems possible that at least since the uppennost Jurassic
the Budva Basin was narrower towards its present tec
tonic wedge-out in the northwest as already proposed by
Antonijevi6 et al. (1969b) and RadoiciC (1982).

2.6 Praevalis Limestone

2.6.1 General description

Type section: Bar (location Fig. 1.2, p. 16, Fig. 2.5).
The formation is named after the Roman province
Praevalis, established by the emperor Diocletianus.

The sequence (Fig. 2.5) is composed of well strati
fied marly micrite (beds 10-20 cm) with replacement
chert nodules and layers. The general colour of lime
stone is light red to violet red, rarely white to pale green,
chelis are vivid red. Bedding planes are undulated. The
amount of visible chert varies between 10 and 50 %. In
the upper part of the sequence reddish marls are inter
layered. Calcarenite beds are occasionally interstratified.

The limestone beds contain a maximum of 15 %
calcified radiolarians in a mud matrix. Very rare calpio
nellids were found in the lower pmi of the sequence.
Relativelly abundant and well preserved radiolarians
were extracted from cheli nodules.

Age: The Praevalis Limestone lies on the top of the
Lastva Radiolarite. Radoici6 (in D'Argenio et aI., 1971;
Radoici6 & D'Argenio, 1988) found the upper Tithonian
Calpionella alpina LORENZ near the base. Our radio
larian dating is not continuous all over the sequence.
Berriasian-Iower Valanginian, and upper Valanginian to
Hauterivian assemblages were found in different sec
tions. The base of the overlying Bijela Radiolarite is as
signed to the Hauterivian-Iower Barremian. In the Bar
section the carbonate sedimentation continued to the
upper Aptian-Iower Albian, as confirmed by radiolarians
and planktic foraminifera: Hedbergella trocoidea
(GANDOLFI), Ticinella cf. bejaouensis SIGAL, Ticinella
cf. roberti (GANDOLFI) (determination by L. O'Dogh
elty). The top of the Praevalis Limestone in the Petrovac
section is also Aptian-Albian in age. A nannoplankton
sample (at 184 m in the section) characterized by
dissolution-resistant forms, yielded the following spe
cies (determination by J. Pavsic): Eprolithus floralis
(STRADNER), Rucinolithus irregularis THIERSTEIN,
Stradneria crenulata (BRAMLETTE & MARTINI),
Watznaueria barnesae (BLACK), and Zeugrhabdotus
embergeri (NOEL). The overlying radiolarite is upper
Aptian-Iower Albian at the base (sample PKl). Details
about radiolarian dating are given in Chapter 6.

The maximum thickness for the late Tithonian to
Hauterivian-Barremian interval does not exceed 50 m.
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2.6.2 Redeposited facies

In the Petrovac section (lower tectonic unit) (Fig.
2.5, PI. 28, figs. 6, 7, 8) the whole lower Cretaceous
succession consists of thick chaotic beds related to mass
movements. They are 1 m to several meters thick, sepa
rated by a few tens of centimeters of undisturbed bedded
limestone. The encompassed cherts show considerable
deformation; they have a form of ruptured, folded layers
or rotated nodules. Internal bedding, although exten
sively defOlmed, is usually still recognizable in the lime
stone portion.

In the lower part of the section up to I m large c1asts
of Tithonian ribbon radiolarite (sample PK 104, Ap
pendix) are incorporated in these megabeds (PI. 28,
fig. 8). A chaotic bed near the top yielded a mixed Lo
wer Cretaceous radiolarian assemblage (sample PK3)
indicating a reworking of older strata. The base of the
overlying radiolarite is assigned to the upper Aptian
lower Albian.

The described chaotic beds are interpreted as highly
evolved slumps, which moved downslope incorporating
underlying deposits. The accumulation of these de
bris-slump masses persisted till the Aptian-Albian, when
pelagic deposition was interrupted by calcareous turbidi
tes in the areas closer to the platform (Bar section).

2.6.3 Comparison with time-equivalent
Tethyan formations

Lithologically, the Praevalis Limestone resembles
the Lower Cretaceous Maiolica and Biancone facies in
the Southern Alps and Apennines. The estimated sedi
mentation rates vary from about 6 m/Ma in the Lom
bardian Basin (Weissert, 1979) to about 10 m/Ma in the
basinal sequences of Umbria-Marche (Baumgartner,
1990). In the Budva Zone, they show much lower val
ues, reaching at most 2.5 m/Ma (Chapter 3). The amount
of silica in the Maiolica facies is about 3-5 % (Weissert,
1979), whereas in the Budva Zone the average percent
age of visible chert was estimated to 25 %.

The lithological contrasts between the Budva and
other mentioned sequences could be due to lower pro
duction or more pronounced dissolution of calcareous
nannoplankton and maybe also higher production of ra
diolarians in the Budva Basin. Lower values of carbon
ate content have been observed also in the Upper Juras
sic deposits (Chapter 2.4).

2.7 Bijela Radiolarite

2.7.1 Description

Type section: Bijela (location Fig. 1.2, p. 16, Fig.
2.5). The formation is named after type locality. The li
thological columns of the sections studied are given in
Fig. 2.5.
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The transition from the underlying siliceous Prae
valis Limestone is gradual, marked by a progressive in
crease in clay and silica content. The base of the radio
larite is defined where the sequence has a typical radio
larite aspect of thin dark red siliceous beds alternating
with clayey marls.

The predominant Bijela Radiolarite is dark red, cha
racterized by a very high proportion of shale layers.
Chert beds are thin (1-3 cm), generally representing
20-40 % of the sequence. In the lower and uppermost
part of the sequence the chert beds are somewhat thicker
(5-8 cm); they constitute 50-80 % of the sequence. At
the base of the Bijela Radiolarite some dispersed car
bonate is present, otherwise the overall facies is lime
free. Several levels, ranging in thickness from 0.5 to
1.5 m, of green radiolarite are interstratified. The green
facies is thin bedded (1-3 cm). The percentage ofassoc
iated shales is lower than in red radiolarites (5-20 % vs.
20-80 %). On the basis of the vertical facies distribution
and shale content it is relatively easy to distinguish the
Cretaceous from the Jurassic radiolarite already in the
field. The maximal estimated thickness of the Bijela
Radiolarite is 60 m. Chelis yield abundant but modera
tely preserved radiolarians and sponge spicules. Details
of radiolarian dating are given in Chapter 6, species
inventory is listed in the Appendix.

Graded calcarenite beds up to 70 cm thick are inter
bedded in the sequence. The main component is debris
of thick-shelled bivalves. Ooids, echinoderm plates and
foraminifera (Orbitolina sp., Miliolidae, Textulariidae)
occur. Angular c1asts of peloidal wackestone are present
in the coarser fraction. Calcarenite is occasionally cap
ped by laminated radiolarian wackestone.

The radiolarite succession is overlain either by red
Globotruncana limestone or by calcareous turbidites.
The base of the Bijela Radiolarite is assigned to the
Hauterivian-Iower Barremian. The youngest age obtai
ned for the top is Turonian.

2.7.2 Vertical facies changes

A gradual change from the Praevalis Limestone to
Bijela Radiolarite indicates a transition of the sedimen
tary environment below the CCD. A progressive shal
lowing of the CCD through the Early Cretaceous period
has been generally recognized in the central and south
ern Tethys and interpreted in terms of productivity
changes (Weissert & Lini, 1991).

The estimates of silica accumulation rates in the
Budva Basin show similar values in the lower Creta
ceous carbonate and overlying lime-free facies (Chapter
3), thus providing no direct evidence of increasing ra
diolarian productivity. The lithological change seems to
have occurred due to reduced production of calcareous
plankton and/or enhanced dissolution of carbonate.



The upper Valanginian? to mid-Cretaceous time in
terval is fillther marked by an increase of clay compo
nents in pelagic deposits of the Budva Zone.

An important time-span of subaerial exposure and
weathering in the interior of the High Karst Platform can
be inferred from well documented bauxite deposits over
lain by upper Cenomanian-Turonian limestone (Besi6 et
aI., 1965; Buri6, 1966; Radoici6, 1982). The bedrock
consists of Upper Triassic, Lower Jurassic, Tithonian, or
Lower Cretaceous carbonates (Buri6, 1966). Bauxite
deposits interstratified between the Tithonian and
Valanginian (Grubi6, 1964; BesiC et aI., 1965), and
Hauterivian-BalTemian and Aptian (Grubi6, 1964) are
repOlted from some parts of the High Karst Zone. These
might have originated from a redeposition of the pre
Tithonian bauxites (see Chapter 2.4.5). Nevertheless, it
seems likely that at least some parts of the High Karst
Platform were emerged during the entire early and mid
dle Cretaceous.

We suppose that the increased proportion of clay in
the Budva Basin was primarily induced by an elevated
humidity. To a minor extent it may have been related to
areal expansion of emergent continental-sediment sour
celand. The increased clay input in the contemporaneous
deposits of the Pindos Basin (Jaspes a radiolaires
superieurs, Marnes Rouges aRadiolaires, see Chapter 5)
also suggest that the major factors controlling the
amount of clay runoff were of regional impOltance.

Within the Bijela Radiolarite, which is predomi
nantly of red colour, several levels of green radiolarite
are intercalated. The interstratified green radiolarite re
flects short episodes of reduced redox potential at the
sediment-water interface or in the upper pmt of the in
terstitial water. A lower proportion of shale is character
istic of these levels. A reduced continental runoff might
have been a consequence of a higher sea level. The oxy
gen deficiency was probably due to slower rate of deep
water renewal. At Bijela, three green levels occur in the
sequence. The first one yielded lower Aptian radiolari
ans. The second green level is assigned to the upper Ap
tian-Iower Albian. Lower-middle Albian radiolarians
were found above the third green interval. An approxi
mate correlation can be made with the green levels of
the other sections studied (Fig. 2.5). The age of the first
two green levels roughly corresponds to the oceanic an
oxic events lA and IB of Arthur et al. (1990). The
lower-middle Albian age of the third level suggests its
position between the OAE 1Band OAE 1C. The mid
Cretaceous sedimentation in the Budva Zone reflects
also global changes in oceanic conditions.

2.7.3 Lateral distribution

The Cretaceous radiolarite studied was deposited on
the lower tectonic unit of the Budva Zone in the north
western as well as southeastern depositional area (Fig.

4.3e). However, radiolarite sedimentation was not ex
clusively restricted to the lower tectonic unit. In the
continuation of the Verige section, an approximately
30 m thick sequence of dark green bedded chert and
shale is interstratified in carbonate gravity-flow depos
its. At the top of this siliceous interval marly limestone
and calcarenite contain Hedbergella sp. and orbitolinids
(Radoici6 & D'Argenio, 1988). The first overlying
coarse-grained carbonate breccia yields rudist fragments
(Cadjenovi6 et aI., 1988). This siliceous sequence is at
least partly time-equivalent to the Bijela Radiolarite de
posited in the lower tectonic unit. It was not studied for
radiolarians in our work because the outcrop was very
poorly exposed.

The southeastern depositional area was characterized
by a contemporaneous deposition of radiolarites (lower
tectonic unit) and pelagic limestones (upper tectonic
unit). Reddish chelty limestones accumulated until up
per Aptian-Iower Albian in the Bar section. Marly inter
vals become more frequent beginning in the upper
Valanginian?-Barremian. Calcarenite beds occur as in
tercalations in the Barremian?-Aptian and entirely dis
place pelagic deposits in the Albian. Lower Cretaceous
pelagic sediments locally moved downslope where
debris-slump chaotic beds were deposited distally
(Petrovac).

Mid-Cretaceous carbonate sedimentation was thus
restricted to areas which were influenced by a higher in
put of platform-derived lime mud and/or topographic
highs.

The Cretaceous bauxites (similarly to Jurassic baux
ites) are restricted to the area northwest of Podgorica
(Buri6, 1966). The most important deposits are known
from Bijele Poljane, halfway in a direct line from Kotor
to Niksi6 (see Fig. 1.2 for geographic position). On the
basis of the distribution of bauxite deposits in the High
Karst Zone we assumed that areal extent of the emerged
hinterland was more important to the northwest. Conse
quently, the carbonate production and amount of fine
carbonate supplied to the adjacent basin were lower.
The observed contrasts between holosiliceous deposits
in the northwest (Verige) and carbonate deposits in the
southeastern area (Bar) support the hypothesis of pe
riplatform-ooze supply (see Baumgartner, 1987) as a
major local factor determining the lateral distribution of
radiolarite sedimentation in the mid-Cretaceous Budva
Basin.

2.8 Middle-upper Cretaceous
resedirnented carbonates

2.8.1 General description

Medium-grained resedimented carbonates occa
sionally punctuated basin-plain facies (Fig. 2.5: Bijela,
Grbaljska Lastva, Bar sections). Since the late Albian?-
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Cenomanian, coarse-grained carbonate gravity-flow de
posits entirely displaced pelagic sediments in the nOlih
western part of the basin (Fig. 2.5: Cesma, Bijela,
Gornja Lastva sections). The succession is composed of
up to several meters thick inverse to norn1ally graded
breccias and calcarenites intercalated by marls and re
placement cheli layers.

2.8.2 Composition and age-diagnostic fossils

The fine-grained parts of breccia beds were studied
in thin sections. These are composed of 70 to 80 % of
clasts in a partly recrystalized mud matrix. Sorting is
very poor. Among skeletal debris, thick-shelled bivalves
prevail. Orbitolina sp. (samples: Grbaljska Lastva
5.10 m, Bijela IV 50 m, Bijela IV 60 m, Cesma 270 m)
and fragments of colonial corals, gastropods, echino
derms and ooids occur. Rock fragments comprise angu
lar clasts of lime mudstone frequently containing
Miliolidae, and wackestone and grainstone with peloids
and large oncoids. Planktic foraminifera were found in
the matrix, among them Praeglobotruncana cf. stephani
(GANDOLFI) of upper Albian to Cenomanian age
(sample Bijela IV 50 m, detelmination by G. Di Marco).
Coarse-grained breccias overlying the Bijela Radiolarite
in the Gomja Lastva section yielded Orbitolina sp. and
globotruncanids of the Cenomanian-Turonian age
(Cadet, 1978; Radoicic & D' Argenio, 1988).

Debris-flow breccias of similar composition (angular
clasts derived from different shallow-water environ
ments in a matrix composed of rudists and other shell
debris) occur at the top of the Cesma section (Fig. 2.5).
The underlying medium-bedded silicified calcarenite
contains Rotalipora cf. appeninica (RENZ) (sample
Cesma 236 m, determination by G. Di Marco), indicat
ing an upper Albian to Cenomanian age. The 270 m
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thick section is characterized by three levels of coarse
breccia megabeds with lithoclasts reaching 2 m in di
ameter. Pebble-sized graded breccias and calcarenites
with replacement cheli are interstratified. Thinner beds
are often completely dolomitized. The sequence was not
dated. By cOlTelation with other sections no older than
Tithonian age is assumed for the lowermost breccia bed.

2.8.3 Local paleogeographic relationships

The composition of middle-upper Cretaceous re
sedimented carbonates documents a partial erosion of
ancient platform margin and thus evokes genetic simila
rities with Tithonian-lowermost Cretaceous resedimen
ted carbonates. Tectonic instability resulting in High
Karst Platform uplift is believed to be the major cause
for the return of coarse-grained carbonate gravity-flow
deposits to the nOlihwestern depositional area of the
Budva Basin in the upper Albian?-Cenomanian since the
global sea-level was relatively high in this time (Haq et
aI., 1988).

In comparison to the southeastern depositional area
of the Budva Basin, the character of resedimented car
bonates around Kotor Bay reveals a closer distance to
the carbonate platform with the most proximal facies
being recorded at Cesma. The distinction may have, in
addition, resulted from more intensive erosion and the
presumably different nature of the platform margin
(compare Chapter 2.5).

The variations between the two depositional envi
ronments are roughly correlative with those observed
through the Tithonian and lowermost Cretaceous. The
present dating is not precise enough to demonstrate an
exact coincidence of Cretaceous turbiditic episodes
through the entire Budva Basin.



3.1 Introduction

3. SEDIMENTATION RATES

3.3 Results

Linear sedimentation rates of lithified sediment were
calculated based on radiolarian dating (Figs. 3.1, 3.2).
These were interpreted using the numerical time-scale
proposed by Odin and Odin (1990).

The sedimentation rate of the total rock sequence
was determined for all lithologies. In the radiolarites we
then subtracted the interstratified calcarenite beds. To
obtain the silica accumulation rate we finally eliminated
the shale interlayers. The amount of clay dispersed in
the chert layers was not taken into account.

3.2 Error margins

Comparison among time-equivalent sequences is
subjected to about 10 % error in field measurements and
10 % enor in assuming the proportion of shale or cal
carenite interbeds in radiolarites and amount of visible
replacement chert in limestones. An additional enor can
be caused by determining the position of the zonalliinits
on a measured section where the interval between two
neighbouring samples is large. Differences up to 20 %
for the total sedimentation rate and to 30 % for the ac
cumulation rate of individual components are thus not
considered significant. The estimates of silica accumu
lation rates for the calcarenite containing sequences can
be further misleading, because the subtracted calcarenite
beds are silicified.

The age assignment of the radiolarian assemblages
from the Budva Zone is based on the correlation with
other radiolarian zonations (Chapter 6). The calibration
of the Jurassic and Cretaceous radiolarian zonations in
general still allows a rather large interval of uncertainty
when tied to the standard stages. Temporal variations in
calculated sedimentation rates, especially when short
time intervals are compared, are therefore to some de
gree affected by the subjective choice of the radiolarian
zone boundary.

Temporal variations are fuliher subject to the time
scale used. Average sedimentation rates through longer
time-intervals (Fig. 3.2a,b) were calculated using two
different absolute time-scales: Odin and Odin (1990)
and Harland et al. (1990).

The presented sedimentation rates must be seen with
all the above mentioned reservations. Short interval ver
tical correlations have the lowest confidence level.

3.3.1 Sedimentation rates ofthe Lastva
Radio1arite

The calculated sedimentation rates are graphically
presented in Fig. 3.1.

Middle Jurassic: At the Gornja Lastva section
a steadily decreasing sedimentation rate is observed
from the Aalenian-Iower Bajocian (3.5 m/Ma) to the
Bathonian (2.5 m/Ma), because of a progressive decrea
se of shale interlayers. Almost doubled figures (4 m/Ma)
in the upper Bathonian to Callovian are due to the input
ofresedimented carbonates. The silica accumulation rate
through the same interval shows a gradual increase fiom
1.2 m/Ma to 2 m/Ma. The estimate is in accordance with
the increase of average thickness of chert-beds (2-3 cm
in the Aalenian, 5-10 cm in the Bajocian, 10 cm in the
Callovian).

The Middle Jurassic sequence at Bijela expresses
less variations in facies as well as sedimentation rate.
The total sedimentation rate lies between 2 m/Ma and
2.6 m/Ma, or between 1.6 m/Ma and 1.3 m/Ma, if we
ignore calcarenites and shales. Total sedimentation rates
as well as silica accumulation rates for the upper Bajo
cian to Callovian are lower than in the contemporaneous
Lastva section.

Sediment displacement in the axial NW-SE direc
tion of the basin is inferred. With the diminished quan
tity of clay the sediment-capacity to fix the siliceous
skeletons was reduced. Silica accumulation rate and
bed-thickness increase at Gornja Lastva is a response to
the intensified redistribution of siliceous skeletons rather
than higher radiolarian production.

Oxfordian-Kimmeridgian: The average Ox
fordian to Kimmeridgian silica accumulation rates obtai
ned for the lower tectonic unit vary between 1.4 m/Ma
(Gornja Lastva), 1.9 m/Ma (Petrovac) and 1.7 m/Ma
(Canj). For the upper tectonic unit sections, similar or
even higher values were calculated: 1.5 to 2.0 m/Ma
(Verige), 1.3 mlMa (Din Vrh), 1.9 m/Ma (Bar). Accord
ing to their paleogeographic position lower rates could
be expected.

During the Oxfordian and Kimmeridgian the radio
larite sedimentation was most widely extended over the
Budva Basin. The estimates of the silica accumulation
rates remain within enor margins. No regular pattern of
sediment displacement can be recognized. It is, how
ever, possible that the figures at least partly reflect topo
graphic irregularities in the basin.

37



,
mM.

,
mM.

,
""".

,
nN.

AAL
180

TIME SCALE 6

(ODIN & ODIN, 1990) PETROVAC

TlTH

140

KIMM
chert

150 OXF

shales

CALL

160 D
calcarenites

BATH

BAJ
170

Fig. 3.1: Sedimentation rates of the Lastva Radiolarite.
Dotted lines - total rock sequence; dashed lines - shales and cherts; solid lines - cherts only.

Lower T i tho n i an: In the Tithonian the silica
accumulation rate increased significantly in the Canj
section (2.5 m/Ma), whereas at the same time it decrea
sed at Bar (1.3 m/Ma). Through the Oxfordian and Kim
meridgian both sections showed similar rates. This
observation suggests a more important current activity in
NE-SW direction, perpendicular to the basin axis. The
intensified redeposition of autochthonous deposits co
incides with the return of platform-derived carbonates in
the basin. The higher current activity was also reflected
by more oxygenated bottom water: only red radiolarites
accumulated in the Tithonian.

No general direction of basin-sediment redistribu
tion, characteristic of the entire Budva Basin could be
recognized in the Lastva Radiolarite. Only nearby pa
leogeographic areas are mutually correlative.

3.3.2 Jurassic and Cretaceous sedimentation
rates

Four most completely exposed sections were selec
ted for the comparison of average sedimentation rates
through longer time-intervals (Fig. 3.2a). Temporal
variations in basin plain fades are described. Differen
ces in sedimentation rate of the Lower and Middle Ju
rassic gravity-flow deposits were discussed in Chapter
2.3.4.

The lower Liassic radiolarite ("Passee Jaspeuse")
sedimentation rates reach 3 m/Ma to 4 m/Ma. The silica
accumulation rate of the "Passee Jaspeuse" is difficult to
estimate because the carbonate and clay admixture are
disseminated in che11 beds.
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Through the Middle and Upper Jurassic total sedi
mentation rates vary between 1.3 m/Ma and 5 m/Ma,
depending on the amount of interstratified shales and
calcarenites. The silica accumulation rates for this pe
riod vary between I m/Ma and 2 m/Ma, exceptionally
2.5 m/Ma. They contrast in the same order of magnitude
vertically as they do laterally. In the previous paragraph,
lateral differences were explained by sediment redistri
bution.

It is likely that the production of siliceous organisms
was relatively constant through the whole Jurassic pe
riod. It should be recalled that a great part of silica in the
"Passee Jaspeuse" Formation and lowermost Lastva
Radiolarite originated from sponge spicules.

The lower Cretaceous cherty limestones have sedi
mentation rates similar to the underlying radiolarites,
which implies a much lower silica accumulation rate.
The mid-Cretaceous radiolarites have low sedimentation
rates and silica accumulation rates only about 0.5 m/Ma.
If we consider the Oxfordian-Kimmeridgian silica ac
cumulation rates as a referential, because the most pre
cise dating and lowest proportion of allochthonous com
ponents allow the best estimates, the mid-Cretaceous
values are about three times lower.

The ecosystem of the Budva Basin probably under-
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went a major reorganization around the Jurassic-Cre
taceous boundary, resulting in a low surface productivity
which persisted through the middle Cretaceous.

Compared to Odin and Odin (1990), Em'land et al.
(1990) proposed a much shorter time-span for the Ox
fordian and Kimmeridgian (Fig. 3.2b). Using their time
scale we could infer an exceptionally high opal supply
for this time interval. In contrast, the Aptian-Albian sil
ica accumulation rates appear even lower. The estimates
suggest 10 to 20 times lower silica accumulation in the
mid-Cretaceous than in the Upper Jurassic.

Sedimentation rates of the Jurassic radiolarite from
the Pindos Zone were calculated (De Wever & Cordey,
1986; De Wever, 1989) on the basis of two different
time-scales. The obtained average sedimentation rates
range between 1.8-2 m/Ma and lA m/Ma respectively
and compare quite well with ours, if we consider that the
Pindos Zone sections studied contain almost no resedi
mented carbonates and hence the sedimentation rates of
total rock approximately correspond to the silica accu
mulation rates. The Cretaceous "Marne Rouge aRadio
laires" shows two to three times lower sedimentation
rates than the Jurassic radiolarite sequence (De Wever &
Origlia-Devos, 1982a), which is in accordance with the
negative shift observed in the Budva Zone.



4. SEDIMENTARY EVOLUTION OF BUDVABASIN

The facies evolution of the sections studied is given
in Fig. 4.1. The relationship with the stratigraphic units
of the High Karst Platform is synthetized in Fig. 4.2. A
reconstruction of depositional environments is illustra
ted in Fig. 4.3.

4.1 Triassic
During the early Triassic the areas of the present

Budva and High Karst Zones were occupied by a uni
form sedimentation of red marine sandstones, dolomites
and marly limestones. The differentiation of this paleo
geographic realm started in the Anisian with the deposi
tion of a thick clastic unit called "Anisian Flysch",
which represents a syn-rift sedimentation.

These deposits are overlain by volcanic and volcano
clastic rocks associated with limestones and cherts. Dif
ferent interpretations have been proposed to explain the
cause of the Triassic magmatism. According to Channell
et al. (1979) and Pami6 (1984a, 1984b) it documents an
intracontinental rifting stage, whereas Herak (1991) as
sumed a relation with late-Variscan convergent plate
movements. Recently, Stampfli and Pillevuit (1993)
suggested that the Budva Basin was an intracontinental
rift, created by Pindos rifting, which cut the former
margin of the Paleotethys.

The middle Triassic "flysch" and volcano-sedimen
tary facies associations characterized both the future
Budva Basin as well as marginal regions of the later
High Karst Platform. The adjacent swell was a site of
condensed pelagic sedimentation of the Han Bulog type
in the latest Anisian.

In the late Ladinian and Carnian, the High Karst Car
bonate Platform became established and prograded over
the marginal parts of the former trough.

The Triassic rift aborted. No volcanic activity has
been known :liom the post-Triassic sequences of the
Budva Zone. In a broader paleogeographic context of
the Dinarides, the post-Triassic Budva Basin can be
considered a rim basin (Stampfli et al., 1991) of an oce
anic domain which is preserved as an obducted ophiolite
belt in the Internal Dinarides. The High Karst Platform
was a shoulder separating both pelagic realms. The
evolution of the Budva rim basin was therefore closely
dependent upon geodynamic events characterizing the
Dinaric part of the Tethys.

4.2 Hettangian to Kimmeridgian
The paleogeographic relationship between the Budva

Basin and the High Karst Platform (established in the
Late Triassic) lasted through the Jurassic and Creta
ceous. The sedimentary evolution of the Budva Basin

was hence directly influenced by the sedimentary and
tectonic activity of the High Karst Platform margin.

Carbonate gravity flows periodically diluted and
displaced pelagic sediments. Occurrence and time-span
of basin-plain deposits was thus determined by the
abundance and distribution of coarse- to medium-grai
ned resedimented carbonates. Variations in siliceous
versus carbonate pelagic sedimentation are mainly ex
plained by variable input of periplatform-ooze to the
basin (see Baumgartner, 1987).

At the Triassic-Jurassic boundary the High Karst
Platform underwent a tectonic restructurization (Radoi
cic, 1987a) resulting in the subsidence of its margins. As
a response to the tectonic retreat of carbonate source
area, the Budva Basin became starved in periplatform
ooze. In addition, it probably subsided to greater depth
together with the platform margin. Subsequently, the
lime-poor "Passee Jaspeuse" unit accumulated uni
formly over the whole basin.

A progradation of carbonate accumulation in the up
per Sinemurian-lower Pliensbachian marks the begin
ning of gravity-flow deposition (Bar Limestone Forma
tion) which lasted until the end of the Middle Jurassic.
The composition of resedimented carbonates reveals
that they originated from penecontemporaneous plat
form and slope deposits. Their lateral distribution indi
cates a general direction of sediment transport from
northeast to southwest.

Two major cycles of carbonate gravity-flow accumu
lation were recognized, with an interruption in the Toar
cian. The Upper Member differs fi'om the Lower Mem
ber of the Bar Limestone Formation by a higher propor
tion of ooids, coarser grain-size, thicker bedding and
less lime-mudstone beds associated. Thick pure oolitic
beds are present. Laterally, it is less expanded than the
Lower Member. The differences in composition and la
teral distribution were caused by a reorganization of the
platform margin after the Toarcian. The Pliensbachian
early Toarcian (Fig. 4.3a) High Karst Platform was a
low-relief limestone bank which supplied large volumes
of detritus to the relatively gentle adjoining slope and to
the basin. Smaller discontinuous oolitic shoals chara
cterized the platform margin (Radoicic, 1982). The Mid
dle Jurassic (Fig. 4.3b) platform margin, in contrast, was
dominated by oolitic bars (Radoici6, 1982) which provi
ded the major platform component displaced to the ba
sin. In addition, they seem to have trapped and hampe
red the transport of lagoonal-mud off-shore. As a conse
quence, the gravity flows travelled shorter distances,
produced steeper slopes, and allowed the accumulation
oflime-free radiolarite (Lastva Radiolarite) distally.
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Fig. 4.3: Jurassic to mid-Cretaceous reconstruction of depositional environment of the northwestern and southeastern area of the
Budva Basin and the adjacent High Karst Platform margin (not to scale). The position of the studied sections is indicated. See text
for explanation.

A radical change in platform margin architecture
took place at the beginning of the Late Jurassic (Fig.
4.3c) with the development of a coral-stromatoporoid
reef complex (RadoiciC, 1982). Early cementation vel-

ded the reef margin into a rigid wave-resistant mass,
which efficiently blocked the off-shore sediment trans
port. The Oxfordian-Kimmeridgian time interval was
therefore a period of most widely expanded radiolarite

45



sedimentation. Distal sequences, characterized by lime
free deposition since the Middle Jurassic, recorded a
drastic reduction of interstratified calcarenites.

Green radiolarites, wide-spread in the Budva Basin
before the Oxfordian, were replaced by red radiolarites
in the Late Jurassic times. This facies change was diach
ronous. Oxygen depleted conditions persisted longer in
near-platform areas. It is suggested that the relative age
of the transition from green to red radiolarites in the
Budva Zone can be used as an index of proximity to the
margin.

An increase of shale interlayers was observed in the
Kimmeridgian radiolarites. The higher input of clay was
possibly related to the development of an emergent hin
terland documented by bauxite deposits on the High
Karst Platform (Besi6 et aI., 1965; Buri6, 1966; see
Chapter 2.4.5).

4.3 Tithonian and Cretaceous

The Tithonian-Berriasian (Fig. 4.3d) represents the
time of platform-margin erosion. Coarse-grained brecci
as accumulated at the base of the steep marginal slopes.
Finer-grained turbidites extended beyond the marginal
slope into the adjoining basin. The turbidites and associ
ated mass-flow deposits are composed mainly of Iitho
clasts of eroded ancient reef-fringed platform. Tectonic
processes induced by closure of the Dinaric Tethys (see
Chapter 2.5.4) are believed to have resulted in differ
ential veltical motions and partial emergence of the
High Karst Platform. An interaction of the tectonic up
lift and a long term eustatic sea-level drop (Haq et aI.,
1988) was probably responsible for the erosional pro
cesses on the external part of the platform.

Another major episode of platform erosion docu
mented in the nOlthwestern depositional area of the
Budva Zone began in the upper Albian-Cenomanian. A
relatively high global sea level in this time (Haq et aI.,
1988) suggests that the erosion was primarily provoked
by local tectonics.

Two different depositional realms could be recog
nized along the basin axis. Since the Tithonian, the dis
crepancies between the northwestern and southeastern
realm were more pronounced. Geographically, only very
closely situated sequences can be directly correlated.

Abundant coarse-grained resedimented carbonates
characterized the northwestern realm during the Tithonian
and Cretaceous (Figs. 4.3d, 4.3e). Their thickness and
frequency decreases over short distances. On the other
hand, the proximal sequences of the southeastern area
contrast with their distal equivalents in the predomi
nance of fine carbonates over holosiliceous deposits
(Fig. 4.3e), possibly due to a higher supply of periplat
form ooze. The pelagic sediments locally moved down
slope where debris-slump chaotic beds were deposited
distally (Petrovac section). The accumulation of these
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debris-slump masses persisted until the Aptian-Albian,
when pelagic deposition was interrupted by calcareous
turbidites in the areas closer to the platform margin (Bar
section, see Fig. 4.1).

The differences between the two depositional areas
reflect variations in platform production and slope mor
phology along the platform-basin transitional zone. It is
in addition concluded that the Budva Basin narrowed
toward northwest. The contrasts were amplified since
the Tithonian, possibly due to accelerated High Karst
Platform uplift in the northwestern area deduced from
the distribution of bauxite deposits (Besi6 et aI., 1965;
Buri6, 1966).

Sedimentation in the distal sequences of the Budva
Basin was to a minor degree determined by the platform
margin dynamics, type and production rate. The facies
development allows us to identify sedimentary events
controlled by regional Tethyan paleoceanographic con
ditions. The transition from siliceous to carbonate facies
(Praevalis Limestone) in the Late Tithonian and an op
posite evolution in the Hauterivian-Barremian (Bijela
Radiolarite) is correlative with synchronous shifts in the
Southern Alps and Apennines (see Chapters 2.4.4 and
2.7.2). The radiolarite sedimentation continued until the
Turonian.

A decrease of silica accumulation rate around the Ju
rassic-Cretaceous boundary would agree with reduced
surface productivity inferred from other basinal succes
sions of the western Tethys and Atlantic. In the Budva
Basin lower silica accumulation rates persisted into the
middle Cretaceous.

Pelagic deposits of the Budva Zone recorded an in
crease of clay components in the upper Valanginian? to
mid-Cretaceous time interval. The increased clay input
was probably to a great extent induced by an elevated
humidity.

Short episodes of lower redox potential deduced
fi'om green levels interstratified in generally red Bijela
Radiolarite most likely cOlTespond to mid-Cretaceous
oceanic anoxic events (see Chapter 2.7.2).

The Budva Basin, however, differs from other
Tethyan basins by a relatively higher silica content in
the Upper Jurassic and Cretaceous pelagic deposits. The
low values of total-rock sedimentation rates through the
Cretaceous suggest that these lithological differences are
primarily due to a lower proportion of associated car
bonate related to lower production and/or more pro
nounced dissolution of calcareous nannoplankton.

Triassic, Jurassic, and Cretaceous resediments in the
Budva Basin were sourced from the High Karst Plat
form. There is no evidence of any sediment supply from
the Dalmatian Platform in the Budva Basin outcropping
today. We suppose that the Dalmatian-Budva transi
tional zone is covered by ovelthrusts of the Budva and
High Karst Zones.



5. PALEOGEOGRAPHIC CONNECTION WITH
TETHYAN BASINS

The position of tectonic units discussed in this chap
ter is indicated in Fig. 1.1 (Chapter I). The relationship
with the neighbouring paleogeographic units for the
Middle Jurassic and early Late Cretaceous time is given
in Fig. 5.2.

The Budva Zone continues southward to the Krasta
Cukali Zone in Albania and Pindos-Olonos Zone in
Greece.

An extensive stratigraphic study of the Pindos
Olonos Zone was published by Fleury (1980) and Thi6
bault (1982). Supplementary dating was provided by De
Wever & Thi6bault (1981), De Wevel' & Origlia-Devos
(1982a, 1982b), and De Wever & Cordey (1986).

The facies evolutions of the Pindos and Budva Zones
are closely similar. The correlation of main lithostrati
graphic units of both realms is outlined in Fig. 5.1.

The following two phenomena are confined to the
Pindos Zone:

I. The Jurassic as well as Cretaceous resedimented
carbonates indicate a general western provenance of
carbonate debris. An origin from the east was observed
only in sequences close to the Parnassos Zone.

2. Ophiolite debris-bearing clastics derived from
the internal Hellenic zones are locally intercalated in
lower and middle Cretaceous deposits.

The contrasts between the Budva and Pindos zones
are due to the paleogeographic disposition of the eastern
carbonate platform. Only fragments of a large High
Karst Carbonate Platform existed south of the Scutari
Pec line in Albania.

The transitional zone between the western Dalma
tian-Gavrovo-Tripolitza Carbonate Platform (supposed
to be overlain by thrusts in Montenegro) is well exposed
in the Pindos Zone.

The Krasta-Cukali Zone in Albania is characterized
by a similar pelagic Mesozoic succession with prevail-
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Fig. 5.1: Simplified correlation between the Budva Zone and Pinc!os Zone formations.
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MIDDLE JURASSIC
Fig.5.2a

EARLY LATE CRETACEOUS
Fig.5.2b

Fig. 5.2: Paleogeographic map of the Apulian Plate during the Middle .Jurassic (Fig. 5.2a) and early Late Cretaceous (Fig. 5.2b)
(after Mm'chant & Stampfli, in press).
Abbreviations: Be: Belluno Basin, Bo: Bosnian Basin, Bu: Budva Basin, D: Dinaric Platform, F: Friuli Platform, HK: High Karst
Platform, p-o: Pindos-Olonos Basin, Slo: Slovenian Basin.
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ing radiolarite facies (Dercourt, 1968; Papa, 1970).
Condensed pelagic sequences of Toarcian to Upper Cre
taceous age, overlying the Liassic massive limestone,
are restricted to the northern part (Dercourt, 1968;
Dodona & Farinacci, 1987). The recorded structural
highs suggest a presence of intermediate submerged
blocks between the High Karst - Albanian Alps Carbo
nate Platform and the basin (Dercourt, 1968).

The extension of the Budva Zone to the north is
masked by its tectonic disappearance below the High
Karst Thrust.

The study of facies distribution led us to conclude
that the Budva Basin was narrower toward its present
tectonic wedge-out, as already stated by Antonijevic et
al. (1969b) and RadoiciC (1982). As a relatively narrow
through it presumably continued about 200 km further
north as far as Split (Chorowicz, 1975).

Herak (1986) proposed a paleogeographic connec
tion between the Budva Basin and the Tolmin Basin in
western Slovenia. According to this author the linking
pelagic realm might have been partly overthrusted,

partly eroded. The generally south verging thrusts and
east-west oriented facies belts in the Tolmin region
continue to central and eastern Slovenia; this would
more likely imply a more direct relationship with the
Bosnian Zone (Buser, 1987).

The Jurassic to Cretaceous sedimentary evolution of
the Belluno Basin in northern Italy records an important
carbonate debris supply from the east and therefore
evokes certain affinities with the Budva Basin. The
Middle Jurassic Vajont Limestone, an outstanding se
quence of oolitic turbidites (Bosellini et aI., 1981), is
considered analogous to the Upper Bar Limestone
Member. The relatively early initial formation of the
Belluno as a Southern-Alps basin at the beginning of the
Jurassic may be related to the formation of Dinaric ba
sins (Sarti et aI., 1992). During the Jurassic the Belluno
and Budva area could be two discrete wedge shaped
basins along the western margin of the same
Friuli-Dinaric-High Karst Platform which is at present
a continuous belt of Mesozoic shallow-water deposits.
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6. RADIOLARIAN BIOCHRONOLOGY

6.1 Lower Jurassic biochronological
correlation

This chapter deals with radiolarians obtained from
the "Passee Jaspeuse" Formation. The position of the
samples studied is indicated in Fig. 2.1 (Chapter 2). The
radiolarian inventory is given in Fig. 6.1. In most cases,
only a generic-level identification was possible.

The assemblage, collected at the base of the forma
tion is characterized by the following radiolarians: Pan
tanellium tanuense PESSAGNO & BLOME, Orb iculi
forma, Canoptum and Droltus. All the four genera
existed in the uppermost Triassic and survived the Trias
sic-Jurassic boundary (Carter, 1993; Carter, in press).
According to dating supported by ammonites, Pantanel
lium tanuense PESSAGNO & BLOME is regarded as a
Hettangian index (Pessagno et al., 1987; Carter, in
press).

Sample BM11, taken at the very base of the forma
tion, yields an aberrant conodont, assignable to Epigon-

dolella or Paragondolella, possibly of uppermost Tri
assic age (detelmination F. Hirsch). This conodont is
associated with the above mentioned radiolarians. The
"Passee Jaspeuse" is partly of fine-turbiditic origin. At
present we cannot exclude the possibility that the cono
dont was reworked from some older strata.

Parahsuum, lacking in the lowermost part of the for
mation, is the most abundant genus in higher levels. It
first appears in the latest Hettangian times (Carter, in
press).

Wrangellium, supposed to make its first appearance
in the Sinemurian (Pessagno et al., 1987), occurs in the
middle and in the upper part of the formation.

The top of the formation contains Katroma associ
ated with Gigi. These genera coexist in Subzone 11 of
the Parahsuum simplum Assemblage-zone, assigned to
the Sinemurian-? lower Pliensbachian (Hori, 1990). Ba
gotum, which does not extend below the Subzone 11,
was also found.

Sections Gornja Lastva Petrovac Canj Bar

Species
Samples GL 105 GL 109 GL4 PK26 PK20 UPC 41.50 BM11 BM 18 BM21

Bagotum spp. X

Canoptum spp. X X X X X X

Droltus spp. X X X

Gigi fustis X

Gigi sp. A X X X X

Gorgansium gongyloideum X

Katroma spp. X X X

Orbiculiforma spp. X X X X

Pantanellium tanuense X X X

Parahsuum ovale X X X

Parahsuum simplum X X X X X

Paronaella spp. X X X X X

Pselldoeucyrtis spp. X X X X X

Wrangellium spp. X X X

Fig. 6.1: Distribution of radiolarians in the "Passee Jaspeuse" Formation.
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6.2 Middle Jurassic to Cretaceous
biochronological correlation

6.2.1 Introduction

The continuous succession of radiolarian-bearing
rocks in the Budva Zone from the beginning of the Mid
dle Jurassic to the Turonian allowed us to establish a
local radiolarian zonation for this time interval. The bio
chronological correlation was made by means of the
BioGraph computer program (Savary & Guex,1991),
based on the Unitary Association Method (Guex, 1977,
1991).

The U.A. Method defines maximal sets of actually or
virtually coexisting taxa. Those sets are constructed
from fragmentary biostratigraphic data collected in
many localities where at least two taxa are found per
sample. The resulting Unitary Associations differ from
each other by containing mutually exclusive species.
Considering the superposition among fossil species, the
U.A.'s are arranged in a chronologic sequence. The
U.A. Method generates discrete biochronological scales
which will detect maximal intersections of the existence
intervals for the co-occurring species.

The presence of a radiolarian taxon in a fossil sam
ple is, to a great account, determined by redistribution of
skeletons before burial and differential dissolution be
fore and after deposition. As a consequence, the actual
first and last appearances are highly diachronous among
different localities. The deterministic U.A. Method, sta
cking all co-occurrence data in maximum relative strati
graphic ranges, has proven to be an efficient tool to
construct reliable radiolarian zonations (Baumgartner,
1984; Jud, 1991; Carter, 1993).

6.2.2 Results

The radiolarian inventory of 95 samples from eight
sections was studied. The Upper Jurassic part of the Bi
jela section was divided in three partial sections. The
superpositional relationship of strata could not be de
tennined in the field due to tectonic disruption and bad
exposure. The species content of each sample is listed in
the Appendix.

Based on distribution of 139 taxa, 48 different Uni
tary Associations were recognized. The resulting pro
toreferential is shown in Fig. 6.2.

Individual Unitmy Associations, identified in sepa
rate sections, can differ in faunal content due to ecologi
cal, taphonomic or documentmy factors. These usually
have no chronological significance. Some of them must
be merged to construct chronologically meaningful
"zones". Such zones are characterized by a wide lateral
traceability and a good mutual superpositional control
(see Guex, 1991 for the details of the procedure). On the
basis of the lateral reproducibility (Fig. 6.3) our V.A. 's

were merged into 15 "zones". Faunal differences betwe
en the different U.A.'s encompassed in the same "zone",
are ignored in the biochronological interpretation.

To enable a biostratigraphic correlation of sections,
the assignment of each sample to a corresponding V.A.,
is indicated in the lithological columns showing the po
sition of samples (Chapter 2, Figs. 2.3, 2.5)

6.2.3 Definition and age assignment of
biochronologic units. Correlation with other
zonations.

6.2.3.1 Jurassic

The determined biochronologic units were mostly
calibrated through a correlation with published zona
tions, therefore age assignment and correlations are dis
cussed simultaneously. Species or pairs of species defin
ing individual U.A.'s, as well as mutually exclusive
species defining their limits are evident from Fig. 6.2
and will not be systematically referred to in the text.

The union of V.A.l and V.A.2 occurs in two sec
tions. V.A.l was identified in the Gomja Lastva section,
5 m above a calcarenite bed containing Gutnicella
cayeuxi (LUCAS), which is restricted to the Aalenian and
lower Bajocian (Septfontaine et al., 1991).

Tonielli (1991) assigned an assemblage yielding
Parahsuum (?) magnum TAKEMURA and Ares cylindri
cus (TAKEMURA) to uppermost ToarcianlAalenian
lowermost Bajocian on the basis of ammonites. Para
hsuum (?) magnum TAKEMURA associated with Para
hsuum (?) natorense (EL KADIRr) and Hexasaturnalis
tetraspinus (YAO) was found above middle Toarcian
ammonites (El Kadiri, 1992).

V.A.2 is correlative with Hsuum hisuikyoense As
semblage Zone (Hori, 1990), based on the co-occurence
of Transhsuum hisuikyoense (ISOZAKI & MATSUDA) and
Laxtorum (?)jurassicum ISOZAKI & MATSUDA. The top
of this zone is supposed to lie within upper Aalenian to
lower Bajocian interval (Hori, 1990).

The coexistence of Laxtorum (?) jurassicum ISOZAKI
& MATSUDA with Transhsuum hisuikyoense (ISOZAKI &
MATSUDA) and Unuma echinatus ICI-IIKAWA & YAO al
lows the correlation with the upper pmt of the Laxtorum
(?) jurassicum Interval Zone (Matsuoka & Yao, 1986).

V.A.l and V.A.2 are assigned to the Aalenian-lower
Bajocian. The superposed V.A.3 to V.A.5 not being
younger than the lower upper Bajocian, an age compris
ing only the lower part of the lower Bajocian is prob
able.

The union of V.A.3 to V.A.S was identified in three
sections. It is delimited fi'om V.A.l and V.A.2 by LAD
of three and FAD of eight taxa, some of them (Zartus,
Ares, Turanta) being known from the Liassic (Pessagno
& Blome, 1980; De Wever, 1982a; Carter et al., 1988).
This faunal change is pmtly preservation-controlled.
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This union can be correlated with the lower Bajocian
Zone 7 of Carter et al. (1988) on the basis of the coexist
ing Emiluvia splendida CARTER and Zartus spp. Zartus
makes its last appearance in the lower part of the upper
Bajocian (Zone ID, Pessagno et al., 1987). The inferred
age for U.A.3 to U.A.5 is lower to lower upper Bajo
cian.

U.A.'s 3 to 5 are probably partly time equivalent
with Tricolocapsa plicarum Interval Zone (Matsuoka &
Yao, 1986). The absence of the marker taxon and most
of associated taxa in our material does not allow a direct
correlation.

Trillus sp. and Eucyrtidiellum (7) quinatum TAKE
MURA are restricted to U:A.O in Baumgartner's (1984)
zonation, which suggests the correlation of the U.A.O
with our U.A.'s I to 5.

The unions of U.A.6 to U.A.7 and U.A.S to U.A.12
were identified in two sections.

The limit between these two chronologic units is
marked by the mutual exclusion of Unuma echinatus
ICI-llKAWA & YAO with Hagiastrum munitum BAUM
GARTNER and Transhsuum maxwelli (PESSAGNO) among
others. It is concluded that the groups U.A.6 to U.A.7
and U.A.8 to U.A.12 are correlative with Zones AO and
A I respectively of Baumgartner (1984). The limit be
tween both unions of U.A.'s is placed in the upper part
of the upper Bajocian, according to the updated cali
bration by O'Dogherty et al. (1989).

Both groups of U.A.'s are further correlative with
the Tricolocapsa conexa Interval Zone (Matsuoka &
Yao, 1986), which is defined by the FEAB of the marker
species. Cyrtocapsa mastoidea YAO, restricted to the
underlying Tricolocapsa plicarum Zone (Matsuoka &
Yao, 1986) coexists with Tricolocapsa conexa
MATSUOKA in our material.

The union of U.A.13 to V.A.IS was identified in
three sections. The faunal content of all the samples as
signed to this chronologic unit is characterized by great
many small nassellarians, spumellarians rarely occur.
Due to different diagnostic pairs of species, a direct cor
relation with the zonation of Baumgartner (1984) is not
possible.

The coexistence of Stylocapsa (7) spiralis
MATSUOKA gr. with Guexella nudata (KOCHER) (see
also taxonomic remarks on this species), Stylocapsa
catenarum MATSUOKA and Stichocapsa naradaniensis
MATSUOKA allows a correlation with the Stylocapsa (7)
spiralis Zone (Matsuoka & Yao, 1986).

Stylocapsa tecta MATSUOKA and Stylocapsa hemi
costata MATSUOKA have not been found in our material.
All specimens of Stylocapsa (7) spiralis MATSUOKA gr.
show an advanced evolutionmy stage of surface orna
mentation. We assume that the upper part of the Tri
colocapsa conexa Zone and the lower part of the Stylo
capsa (7) spiralis Zone have not been recorded in the
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Budva Zone due to widely spaced sampling in this inter
val and not to a stratigraphic gap.

The union of U.A.16 to U.A. 18 was identified in
four sections. The samples assigned to this chronologic
unit generally contain a well preserved and diversified
radiolarian fauna which is clearly reflected in the refer
ential by the first appearance of many taxa.

The group U.A.16 to U.A.18 is separated from the
underlying chronologic unit by mutually exclusive Emi
luvia orea BAUMGARTNER with Guexella nudata
(KOCHER) or Higumastra imbricata (OzVOLDOVA)
among others. On the basis of these species the bound
my can be correlated to the limit between the A2 and B
Zones of Baumgartner (1984). It is assigned to the Cal
10vian-Oxfordian according to 0 'Dogherty et al. (1989).

The superposed U.A.19 to U.A.22 were identified in
six sections. The following group of U.A.23 to U.A.27
is assigned to the upper Oxfordian and Kimmeridgian. It
is concluded that U.A.16 to U.A.18 and U.A.l9 to
U.A.22 lie within the Oxfordian.

The Cinguloturris carpatica Zone (Matsuoka &
Yao, 1986) defines the interval between the LAD of Tri
colocapsa conexa MATSUOKA and FAD of Pseudo
dictyomitra primitiva MATSUOKA & YAO, the latter be
ing very rare in our material. On the basis of supplemen
tary species like Williriedellum carpathicum DUMITRICA
associated with Williriedellum sp. A sensu MATSUOKA
and Transhsuum maxwelli (PESSAGNO) we cOlTelated
the Cinguloturris carpatica Zone to the interval of our
U.A.16 to U.A.22.

The union of U.A.23 to U.A. 27 is well represented
in seven sections. Podocapsa amphitreptera FOREMAN
makes its first appearance in this chronologic unit. The
oldest datum known for this species is upper Oxfordian
based on aptychi (Widz, 1991). Pseudoeucyrtis reticu
laris MATSUOKA & YAO is restricted to this unit. It is a
common species in the Kimmeridgian ammonite-bearing
sequence of Sierra de Ricote (O'Dogheliy, personal
communication). The concluded age for U.A.23 to
U.A.27 is upper Oxfordian-Kimmeridgian.

The union of U.A.'s 23 to 27 is correlative to the
Pseudodictyomitra primitiva Interval Zone (Matsuoka &
Yao, 1986) on the basis of the following species com
mon to both assemblages and defining U.A.23 to
U.A.27: Pseudoeucyrtis reticularis MATSUOKA & YAO,
Podocapsa amphitreptera FOREMAN, Eucyrtidiellum
ptyctum (RIEDEL & SANFILIPPO) and Cinguloturris car
patica DUMITRICA. The top of the Pseudodictyomitra
primitiva Interval Zone is defined with the FEAB of
Pseudodictyomitra carpatica (LOZYNYAK) (Matsuoka,
1992), which first appers in U.A.31. The ancestral spe
cies Pseudodic(vomitra primitiva MATSUOKA & YAO
was found in U.A.29. Both species have not been ob
served in the same sample. Although on the basis of our
data the above mentioned U.A.'s belong to the same



"zone", we cannot exclude a minor age difference be
tween them. The upper limit of the Pseudodictyomitra
primitiva Zone is thus placed within the interval of
U.A.28 to U.A.31.

Baumgartner (1984) defined the boundary between
Band Cl Zones on the basis of mutually exclusive Ber
noullius dicera BAUMGARTNER or Transhsuum max
welli (PESSAGNO) with Acanthocircus dicranacanthos
(SQUINABOL). The same superposition was recorded in
the Budva Zone. It is delimited with U.A.23 to U.A.27,
where none of these species has been found.

V.A.28 to V.A.31 were identified in four sections.
The samples assigned to this union of U.A.'s represent
the top of the Jurassie Lastva Radiolarite. The assem
blage was in addition compared to sample 89B-312R
(sample courtesy of L. O'Dogherty) from the Betie
Cordillera, dated as lower Tithonian with ammonites.
The following species defining also our U.A.28 to
U.A.31 have been determined: Cinguloturris sp. A and
Acanthocircus dicranacanthos (SQUINABOL) associated
with Archaeodictyomitra minoensis (MIZUTANI), Syrin
gocapsa sp. A and Protunumajaponicus MATSUOKA &
YAO. A lowermiddle Tithonian age seems plausible for
U.A.28 to U.A.31.

Zones Cl and C2 of Baumgaltner (1984) could not
be distinguished in the Budva Zone.

U.A.'s 28 to 31 are differentiated from the underly
ing chrono1ogic unit by the absence of a great number of
taxa. The lack of some morphotypes is certainly related
to moderate preservation and fewer number of examined
sections in the upper unit. On the other hand, the disap
pearance of some dissolution-resistant forms, especially
genera like Parahsuum, Transhsuum and Tetratrabs
implies an extinction event. Whether or not this extinc
tion is correlative to the high extinction rate detected in
Cl and C2 Zones of Baumgartner (1984) could not be
asceliained at present. For the time being, the observed
faunal turnover is interpreted as local. It coincides with
one of the major changes in sedimentary evolution of the
Budva Basin.

The exposed comparison with the zonation of
Baumgartner (1984) through the Middle and Upper Ju
rassic is based on correlation of a sequence of mutually
exclusive species and assemblages of species. Both
zonations were established by means of the Unitary As
sociation Method. They monitor several contradictory
concun-ent ranges due to species coexisting in
Baumgartner's samples, which have never been found
together in the Budva Zone, and vice-versa. These con
tradictions point out the necessity to consider all avail
able data in generating a globally applicable radiolarian
zonation. The multi-worker Jurassic-Cretaceous Work
ing Group is currently preparing an integrated radiolar
ian biochronologic scale for low-latitude radiolarians of
Middle Jurassic to Cretaceous age. Our data have there-

fore not been merged with the database of Baumgartner
and reinterpreted in this paper.

The age assignment of the radiolarian biochro
nologie units from the Budva Zone is essentially made
through a correlation to Baumgaliner's zonation. The
calibration of this zonation has been updated by
Baumgaliner (1987) and more recently by O'Dogherty
et al. (1989) based on ammonite-bearing sequences from
the Betic Cordillera. Although these sequences provide
a good age-control, the data remain limited to a rather
small paleogeographic area. Considering the important
diachronism ofradiolarian species in a fossil record, fur
ther modifications of con-elation to chronostratigraphic
stages are possible. The previously mentioned contradic
tory concun-ent ranges between Baumgartner's zonation
and the one presented in this paper, further reduce the
accuracy of our dating. We would like to stress that the
stage assignment of the Jurassic radiolarian "zones"
from the Budva Zone has relatively large intervals of
uncertainty.

6.2.3.2 Cretaceous

The Cretaceous assemblages :/l-om the Budva Zone
are generally characterized by a small number of
identifiable taxa per sample. U.A.'s 32 to 36 comprising
a long time interval from the upper Tithonian to possibly
Hauterivian, in addition, demonstrate a low lateral re
producibility and weak superpositional control, because
only very rare productive samples could be obtained
from this sequence. Our own data are not self-sufficient
to establish a chronologically meaningfull subdivision.
Dating and also delineation among unitary associations
is based on the existing zonations.

We followed the most accurate zonations available
at present: Jud (1991) for the lower Cretaceous (U.A.32
to U.A.37 in our referential) and O'Dogherty (1994) for
the middle-upper Cretaceous (U.A.38 to U.A.48 in our
referential).

Pseudodictyomitra puga (SCHAAF) in association
with Cinguloturris sp. A allow to assign HA.33 and
U.A.34 to the Berriasian-Iower Valanginian. U.A.32
lacking Pseudodictyomitra puga (SCHAAF) can be as old
as the upper Tithonian.

U.A.35 and U.A.36 are defined by the co-occur
rence of Mirifusus dianae (KARRER) with Cecrops
septemporatus (PARONA), which implies an upper
Valanginian-Hauterivian age. The other species starting
in U.A.35 or U.A.36 are either known from older strata
in other regions or their stratigraphic range has not been
well established yet, as is the case for Hemicryptocapsa
capita (TAN). U.A.36 actually lacking Cecrops septem
poratus (PARONA) is disconnected from the underlying
U.A.31 in the section and can be of Berriasian to
Hauterivian age.

The presence of Acanthocircus variabilis
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(SQUINABOL) in the following U.A.37 suggests that
U.A.37 is not younger than the lower Barremian.

Sample PK/3, not included for the biochronological
correlation, was collected in a slump-debris chaotic bed
in the Petrovac section. It yields a rich well preserved
radiolarian fauna with Acanthocircus carinatus
FOREMAN and Cinguloturris sp. A among others. The
association of these two species, which have clearly
disconnected stratigraphic ranges, points out that the
assemblage is mixed due to reworking. No differences in
preservation have been observed for the reworked
specimens.

U.A.38 to U.A,40 are characterized by a number of
species which become extinct in the lower Aptian:
Acanthocircus carinatus FOREMAN, Parvicingula uso
tanensis TUMANDA, Sethocapsa uterculus (PARONA),
Parvicingula boesii (PARONA), Archaeodictyomitra ex
cellens (TAN), and Archaeodictyomitra sp. A. Acantho
circus carinatus FOREMAN evolved from Acanthocircus
variabilis (SQUINABOL) during the Barremian
(Dumitrica & Jud, in prep.). The absence of species such
as Acanthocircus dicranacanthos (SQUINABOL), Ce
crops septemporatus (PARONA) and Sethocapsa kami
nogoensis AnA, which do not extend above the Bar
remian, makes the lower Aptian age the most probable
for U.A.38 to U.A.40.

Tricapsula costata Wu defines U.A,4! and U.A.42.

UNITARY ASSOCIATIONS: 1-48

It is restricted to the upper Aptian and possibly lower
Albian. The upper Aptian-lower Albian age is further
more confirmed by foraminifera associated in sample
BM 489.40 (Chapter 2.6.1).

U.A.45 to U.A,47 are assignable to the middle
Albian-Iowermost Cenomanian on the basis of
co-occurring Rhopalosyringium majuroense SCHAAF,
Archaeocenosphaera (?) sp. and Novixitus weyli
SCHMIDT-EFFING with Mita sp. B sensu THUROW.
Pseudodictyomitra pseudomacrocephala (SQUINABOL)
is associated in U.A.47. The underlying U.A.43 and
U.A,44 lack the characteristic species of the zonation
proposed by O'Dogherty (1994) and can therefore not
be directly correlated. The superposition between
U.A.43-U.A.44 and U.A.46-U.A.47 observed in two
sections within a considerable rock-sequence, led us to
assume a lower to lowermost middle Albian age for
U.A.43 and U.A.44.

U.A.48 was identified in only one section. The
assemblage comprising HemiClyptocapsa polyhedra
DUMITRICA and A/ens liriodes RlEDEL & SANFILIPPO
indicates a lower Turonian or younger age. Pseudo
dictyomitra pseudomacrocephala (SQUINABOL), abun
dant in this sample, suggests that the sample is not
younger than the Turonian (Pessagno, 1977b; Thurow,
1988). A long interval missing between U.A.47 and
U.A.48 has not been sampled.

1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4
1 2 3 4 5 6 789 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 567 8 9 0 1 2 3 4 5 6 7 8 9 012 3 4 567 8

I I I I I I I I I I I I I I I I I I I I I I

~ III I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I 11 I I I I I I I Paronaella aft. corpulenta (1-1)
~ IIiI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11I 1I I I 1I I I I 1I I I 11Parahsuum (?) grande (1-1)
~ 111111 11I I I I I I I 1I I I I I 1I I I I I 11I 1I I I I 1I I I 1I I I I I I I I-++H Laxtorum (?) jurassicum (1-2)
~ flU III I I I I I I I I I I 1I I I I I 11I I 1I 11I I 1I I 1I I I I I I I I I 1I ++H Eucyrtidiellum (?) quinatum (1-3)
~ l1li iIIII III I I 1 I I I 1I 1I 1I 1I I I 1I I I I I I 11I I I 1I I I I I I I 11I 1I I I I I Parahsuum (?) magnum (1-3)
~ l1lil1li iIIII iIIII I I I I I I I I I I I I I I I 1I I 1I 1I I 1I 11I I I I 11I I I I 11I I I 11Parahsuum (?) natorense (1-4)
~ IIiII illlllIiII III l1li I 11I I 11 I I I I 1I I 1I I 1I I 11111I 1I 11I I I I I 1I I 11111Trillus spp. (1-5)
~ iIIII illlllIiII l1liII1II iIIII 1I I I 1I I I 11111I I I I 111I 1I I 11I 11I I 1I I 1I I I I 1I I I Palinandromeda praepodbielensis (1-6)
~ III l1lil1li l1li l1li III l1lil1li I I I I I 1 I , 1 I , I , I , I I , I I I I , j , I I I I I I I I I I I~ Hexasaturnalis tetraspinus (1-8)
~lIiIIillllillllillllllllillllillllillllllllillllillllillllillllillllillllllilliIIII 11 I I I 11I 1, I 111111I 11I I I 11I 111111Triactomajonesi(1-17)
~ l1lil1li illlllllllIiII illllllilllIiII III iIIII iIIII illllllillllillllilllIiII illlllIiIIlUIII-H 111111I 111111I 1I 11I 1I 11I 11Bernoullius rectispinus s.l. (1-20)
~1IIi1111i1111I111I11I11i1111I11i1111I111I1i11i1111i1111i1111i1111I111i1111i1111I111I1i11I111I11IUlllliIIIIl I I I I I I I I I I I I I I I I I I I 1+-1 Parahsuumspp. (1-26)
~ l1lil1li iIIII llllIiIIlIiII illlllIiII illlllIlIlII illllllllIiII iIIII l1lil1li l1lil1li l1lil1lil1li111 l1li111l1li111 l1lil1li l1lil1lil1li l1lil1lil1li111111l1lil1lil1li 111I I 1I 11Pantanellium spp. (1-40)
H IIiII III-f 1I 111I 11I I I 11111I 11111I 1I I I 11I 1I I 1I 1I I 1I 11111Palinandromeda sp. A (2-3)
H iIIII III l1lil1li I 111I 1 I 11I 1111I 11I 1111I 1111I 1I I I 111I I 1I 11I 11Transhsuum hisuikyoense (2-5)
H III IIiII III IIiII IIII-f+-I 111 1I I 1I 1I 1I I 1I 11111I 111111111111I I 11H Linaresia chrafatensis (2-6)
H l1li IIiII iIIII iIIII iIIII' I I I I I I I I I I I I I I H-++ I I I I I I 11I I I j 1I 1I I I 111I 11Hsuum matsuokai (2-6)
H iIIII illlllIiII l1lil1li iIIII I I 111I 11+1 I 111I I I 1111I 1I I I I 111111I 1I I 111I 1Unuma echinatus (2-7)
~++ III-f-H-H-H+H-I 1I I I 11I 1++H 1I I 111I 11I I 1111I I 11111~ Ares spp. (3-3)
I-H- illlllIiII III I I I I I 1+1-t++++-H+-1+H-+-H+H+++1 I I I I , 1 I H-t-++H Zartus spp. (3-5)
H-tlllllilllllilllll 1 I 1I 1111I I 111+++++1 I 111H+H++++H+1 1I 1I 1 I Turantaspp. (3-6)
LLl I I ! ! I I I I I ! I I ! I ! ! I I I ! I I I I I I I ! I I I I I I I Lt I I I I I l---.L..l.-LJ

Fig. 6.2: Middle Jurassic to Turonian protoreferential (in brackets the ranges are presented numerically) (output of BioGraph
program version 2.02, Savary & Guex, 1990). Correlation to standard ehronostratigraphic stages is given in Fig. 6.3.
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H-t 11II 11 III 11 IIlI 11 111 1111 1111111111111111111111111111111111Emiluvia splendida (3-8)
H-t 11I11III11I11I11I11III11I \11II 1 1 11111 1111111111111111111111111111111 I Stichomitra (?) sp. A(3-10)
H-tllll 11II11II IIIl 11II11II 11I11I11I1 IIlI III IIIlIiI 11II 1 11111 I 11111111111111111111111111Eucyrtidiellumunumaense(3-16)
H-++ 11II11II11I 1 I I I 1 1111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I Unuma typicus (4-6)
I 1 1 I 111II III 11II IIlI III 11II 11 III III 11II III 11 11III III 11II 11111 I 1111111111I 111 I 11111111 I Bernoullius dicera (5-19)
1111 11III 11II 11II 11 111 1111 1I 111111111111111111111111111111Unuma darnoensis (6-8)
I I I 1 I I 11II 11II III 11 I 1 I I 11 I I I I I 1 I 1 I I I I I I I I I I I I I I I I I I I I I I I I 11Unuma latusicostatus (6-9)
1 I 11 1111I11II11I1111II 1 I 1 11 I 1 11 1 I 1111111111111111111111111111Acaeniotyle variata s.l. (6-10)
I 1 11 I I UIIII 11II11I 11II III 1 I I I 1 I 111111111111111111111 I 1111I 1111Stichomitra (?) takanoensis gr. (6-12)
I I I I I I 1111II11II \11II11II11II11I11I11II11I I I I I I I I I I I I I 1 I I I I I 1 I 11111111 I 111I 1Tricolocapsa conexa (6-15)
I 1 111 I IIU 11I11II11I11II11I11I11II11I11III11III 1I 11111I 111I 11I I 1111111I 1111I 111Tetraditryma corralitosensis (6-17)
11 11 11 11111II1 11II 11II III 11111 1111 I 1111111111111111111111111111Protunuma turbo (7-11)
111 I 11 1111II11II11II11II11II11I 1111 1111111111111111111111111111111 I Dictyomitrella (?) kamoensis (8-13)
11 1111 1 1III 11II11I11I11II11II11III11II 11 11 111111111111111111111111111111Archaeodictyomitra (?) amabilis (8-15)
11 I 1 1 I I I 11I11II1111II1111II11II11II11I11II11I11II I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I Williriedellum sp. A(8-18)
1111 11 1 I 11II11II11II11II11I111IIII 11II11I11II11II11II11I 11II11I 1111111111111I 11111I 1 111111Transhsuum brevicostatum gr. (8-22)
I 1 11 I I 1 111II 11II 11II 11II IlII 11II 11II III III 11II 11II III 11II 11II 11II 11 1111111I 11111111I 1111111 I Emiluvia premyogii (8-22)
11 1I I 1 1 I I III 11II 1 I 1 I I I I I I I I I I I I I I 1 I I I I I I I I 11 11111 I 1 I I I I Archaeohagiastrum munitum (9-10)
1111 11 11 1 111II11II11II11II11I 1 1 1111111111111111111111111111111 1Higumastra imbricata (10-14)
I 1 1111 1 11 1111II 1 111 111 11 11 11111111111111111 1111111 liTricolocapsa tetragona (11-11)
I I I I I I I I I 1111II11II11II11II11II 11II11II11II111 I 1111111I 111111111111 I11111 Transhsuummaxwelligr.(11-19)
111111 1 1 111 111II11II11II11II 1 11 111111111111111111111111111111Guexella nudata (12-15)
1111 11 1 11 11 111II11II11II11II 11II11II11II11II111IIII 1 111111111111111 I 11111 I 11 I I Tritrabs casmaliaensis (12-22)
1111 11 1 I 111 111II11II11II11II 11II11II11II11II11II11II11II11II11II11II11I 11111111111 11111111111Emiluvia salensis (12-27)
11 11 1 I 1 11 11 1111I11II11II 1 11 11111111111111111111111111111 I Stylocapsa (?) spiralis gr. (13-15)
11 I 1 I I 1 I 1 I I 1 I 11II 11II 11II I I I I I I I I I I I I I I I I I I I 11 I I I 11 I I I I I I I I Stichocapsa robusta (13-15)
I 11111 11 111 1111II11II11II11II11II 1 1111111111111 I 111111 11111111111Pseudoeucyrtis sp. J (13-17)
11 11 11 1 1 111 1111II 11II 11II 11II 11II 11II IlIn 11II 11II 11II 11II 11II 11II 11II 1 111111111111111111111Cinguloturris carpatica (13-27)
I I I I I I I I 1 I I I I I 11II11II11II11II11II11II11II11II11II I I 1 I I I I I I I 1 I I I I I I I I 1 11I I I I I Tetratrabs zealis (14-22)
1 1 I 111 1 I 111 11 111II11I11II11II11II1111II1111II11II11II11II11II11II11II 111111111111 I 111111111Spongocapsula palmerae (14-27)
1111 11 11 111 11 1111II 11II 11II 11 111111 111111111111111111111111Mirifusus guadalupensis (15-17)
I 1 I I 11 1 I I 11 11 1111II11II11II11II 1 11 11 1111111111111111111111111 I Palinandromeda podbielensis (15-18)
I 11111 1 1 111 111111II11II11II11II11II11II 1 11111111111111111 11 111111111Orbiculiforma sp. D(15-20)
1111 11 11 111 11 1111II11II11II11II11II1111II11II11II11II11II11II11II 1 I I 1 I 11 I I I I I I I I I I I I I I I Eucyrtidiellum ptyctum (15-27)
1111 11 11 111 11 11111III11 11 11 111111111111111111111111111 I Hagiastrid gen. indet. spp. (16-17)
111111111111111111II11II11I11II1111111111111111111111111111110rbiculiformasp.B(16-19)
I I I I I I I I I I I 1 I I I I 11II11II11II11II11II11II11II I 1 I I I 1 I I I 1 I I I I I I I I I I I I I 1 I I I Homoeoparonaella argolidensis (16-22)
111 111 11 11 1 1111 111II11II11II11II11II11II11II 1 11111111111111111111111111Paronael/a broennimanni (16-22)
1111 11 11 111 11 11111II 11II11II lIIII 11II 11II 11II 11II 11111111111 I 11111111111111Paronaella mulleri (16-23)
I I I I 1 I I I I I I I I I I I 11II11II11II11II11II11II11II11II11I I I I I 1 I I I 1 I I I I I I I I 111111 I 1Emiluvia orea (16-24)
1111 11 I 1 11 111 11 I 11II 11II 11II 11II 11II 11II 11II 11III 11II 11II 111111111111111111111111Staurosphaera antiqua (16-25)
1111 11 11 111 11 11111II 11II11II11II 11II11II IIIII1U 11II11II 1 1111111111111111111111Wil/iriedellum carpathicum (16-26)
1 111 I 1 11 1I I 1111 111II11II11II11II11II11II11II11II11II11II11II11II 1111111111111 11111111 I Tritrabs exotica gr. (16-27)
111 I I 1 11 11 111 11111II11II11II11I11II11II11II11II11II11II11II11II 1111111111111111111111Perispyridium ordinarium gr. (16-27)
1111 11 1 I 1 I 1 1 I 11111II 11II11II11II11II11II11II11II11II11II11II11II11I11II11II11II I I I I I I 1 I I I I 1 I I I I I I Protunumajaponicus(16-31)
111 111 I 1 11 1 11 11 111II11II11II11II11II11II11II11II11II11II11II11II11II11I11II11II11II11II11II11II11II11II11II11II11II11II11II 1111111Acanthocircus trizonalis gr. (16-42)
1 I 11 11 11 11 111 11111II11II11I11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II11II I 111Acaeniotyle diaphorogona gr. (16-45)
I I I 1 I I I 1 I I 1 I I I 1 1 111II11II11II11II11II11I I I I 11 I I I 1 I I I I 1111111 H-+++-H Mirifusus chenodes (17-22)
1111 11 11 11 111 111 111II11II111II 11II11II 1 1111111111111 I 111111111111Orbiculiforma sp. A(17-22)
1 I 1 111 11 11 1 1111 1111II11II11II11II11II11I11II 111111111 1111111 I 1 I 1 I 1 I 1 I Podobursa spinosa (17-23)
I I I 1 I I 1 I I I I 1 I I I H 11I11II11II11II111IIII 111IIII11II11II 1 1111 I 111I 11111111 I 11 I Napora bukryi gr. (17-26)
1 11 111 11 11 1 1111 1111II11II11II11II11II11II11II11II11II11II111IIII11II 111 1111 I 1111 1111111Emiluvia hopsoni (17-29)
1111 11 11 11 111 1111 111II11II11II11II11II11II11II11II11II 111111 1111111 I 1111 I 1 I I Tetratrabs bulbosa (18-26)
111 1 I 1 11 11 1 1111 11111II11II11II11II11II11II11II11II11II 11111 1 1I 11111111 I 11111Xitus sp. A(18-26)
1111 11 11 11 111 1111 111II11II11II111IIIII11II11II11II11I11II11II11II11II11II11II 11II 1 I 1111 11111 1++-1 Archaeodictyomitraapiarium(18-34)
1 I I I I I 1 I I I I I I I I I I I I 11II 11II IIIIIIIIIIIIIIIIIIIIIII-f-H I I I I I 1 I I 1 1+1 I I I I I 1 I I Williriedellum crystallinum (19-26)
111 I 11 11 11 111 1 I 11 1111I11II11II11II11II11II11I11II 111111I 1 I 11111 I 111111I 1Zhamoidellum ovum (19-26)
111 111 11 I 1 1 1111 11 I 111II11II11II11II11II11II11II11II11II 1 111 I 1 1111111 I 11111111Angulobracchia biordinalis (19-27)
I I I I I I I I I I I I I I I I 11 111II 11II11II III!I 11II 11II 11II 11II11I11III11II11II 11II11II11II11II 11II 11II 11II III!I 11II 11II-+1 I I I I 1--1 Noviforemanelladiamphidiagr.(19-41)
I I I I I I I I I I ! I ! I I ! ! I I I I ! I ! I I I ! I I I I ! I I I I I I I ! I I I I ! I I 1-1
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1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 344 4 4 4 4 444
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 789 012 3 4 5 6 789 0 1 2 3 4 5 6 7 8

I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

I I 11 I 11I 1 I I 1 I 1111I I 1111111111l1lil1li111111l1li111l1li11l1li1 I I I I I I I 1I I I I I I I I 1 I Ristola altissima altissima (20-31)
I 1 I I 11 I 1 I 1 I I 1111 I 1I 1l1li 11 111111111111 1111 11l1li111l1li 111111111 1 I I 1 111 I 11 1 I I Mirifusus dianae s.1. (20-36)
I I 11 I I I I 1 I I 1 I 1 I I 11 1 I I 1111111 11 III III 11 I I I 1 1I I 1 I I 111I I I I I 111 I Paronaella cava (21-27)
I I I I I I I I I I I I 1 1 11 I I I 11l1li1111l1li11l1li11 I I 1 I I 11I 11I I 1 111111 1 I I Transhsuum okamurai (21-27)
I 1 I I 1 I I 1 I 1 I I 1 1 I I I 1 I I 1 l1li11 III 11 III In 1 I I 11I I 1I I 11I I I I I I I I 11Emiluvia sedecimporata (21-27)
I I 11 I I 1I 1 I 11 I I 111 I 1 I I 111l1li111111111111l1li111 11 I I 11I I 1I I 1 1111111 I I Mirifusus dianae dianae (21-28)
I 11 I 11 1 1 I 11 I 1I I 1 I 1111In l1li11l1lil1lil1lil1li111l1li11 111 11 1 I I I I 1 1 I 1 I I 1I Syringocapsa sp. A (21-31)
1 I I 1 I I I I I I I I I I I I I I I I I I III III l1li III 11l1li I I I I I I I I I I I I I I I I I I I I I I Emiluvia ordinaria (22-27)
I I 1 I 11 1 11 11 I 1I I 1 I 1I 11 111l1lil1li111111111111111111 I 1 1 I 11 I I I 1 1 1 I 1 I I I I Archaeodictyomitraminoensis(22-31)
I 1 I I 1 1 I 1 I 1 I I 1 1 I I I 1 1 I I I I 11 III 11 11 11 III 11 11 11 11 I I 1 I I 111I I I 1I 111 1Podocapsa amphitreptera (23-32)
I 1 I 1 I I I I 1 I I 1 I 1 I 11 I I I I 1I I 11 l1li III 11 11 III III 1 I I I I I I I 1 1 111111 1 I I Emiluvia pessagnoi (24-30)
I I 11 I 1 1 I 1 I 11 I I 1 11 I I 11I 1111111111l1li 11 In 11 1 I I I I 1I I I I I I I 1 I I I I Sethocapsa horokanaiensis (24-31)
I 11 I 11 I 1 I 11 I 1I I I I 1I 11 1 1 1 III 11111111 11l1li III 11 11111 1 111 I I I I I 1 I I I I 1·1 Hsuum mclaughlini gr. (24-33)
I 1 I 1 I I I I 11 I 1 I 1 I I I 1 1 I I I I I 1 11 11 I I I 11 1 I I 1 I I 11I I I I 1I 111 I Pseudoeucyrtis reticularis (25-26)
I I 1 I I I I I I I I I I I I I I 1 1 I 111I I I 11 11 III 11 11 III 11 11 1 I I 1I 1 1 1 1 1111 1 I I Saitoum dercourti (26-33)
I I 1 I 11 1 11 11 I 1I I 1 I I I 1 1 1 11 111l1li111111111111 I I 1I I 1I I I I I I I I I 11Zhamoidellum sp. A (27-32)
I 1 I I 1 I I 1 11 I 1 I 1 I I I 1 1 I I I I I I I 1 1III 11 11 III III III III I 111 1 1 11 11 I 11 1 I Eucyrtidiellum pyramis (28-34)
11 I 1 I 11I 1 I 11 I 1 111 I I I 11 1 1 11I I l1li III 111l1li 11 III 11 11 l1li 11 1 I I I I 1 I 1 I I I I Acanthocircus dicranacanthos (28-37)
I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I III IU 11 11 III 11 III1l1 III IU I I I I I I I 1 I I Archaeodictyomitra excellens (28-39)
I I 1 I 1 I 1 1 I 1 I I I 1 I 111 1 I 111I I I I 1 111 III III III III 11 111I I I I 1 11 1 I I I I Cinguloturris sp. A (29-34)
I 1 I I I I I I 1 I I 1 I 1 11 I I I 11 I 1 1 111I I III l1li III 11 l1li III III I I 111I I I I I I I 11Mirifusus dianae minor (29-35)
11 I 1 I 11I I I 1 I 1I I I I 1 1 I I I I I I I 11I III III 11 11 11 III 111111 11 III 1 1 11 11I 1 1 I 1Parvicingula boesii gr. (29-38)
I I 1 I I 1 1 1 I 1 I I 1 1 I 1I I I I 111I I I I I 11 III III 11 III III I I I I I I I I I I I I I I I Sethocapsa pseudouterculus (30-34)
I I 1 I I I I 1 I I I 1 I I I 11 I I 11 1 1I 11 I I 1 I I !ill 11 l1li 11 11 1 1 I I I I I I I I I 1I Xitus (?) sp. (31-34)
I 1 I I 1 I I I 1 I 1 I I I 1 I I I I I I I I 1 11 I I I I I 11 11 l1li l1li 11 I I 1I I I I I 1 I 111 I Pseudodictyomitra carpatica (31-35)
I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 1I I I I 1 11 III 11 I I I 1 11 11I I I 1 1 I I Parvicingula cosmoconica (32-34)
I I 11 I 1 I 1 I I I I 1 1 I I I I 1 I I 1I I 1 I I 1I 1 1 1 I III 11 11111 11 I 1 I 1 1 111 I I I I Pseudodictyomitra puga (33-37)
I I 1 I I I 11 I I I I I 1 I 1 I I I I 111I I I I 1 11 I I I I 11 111I I I 1 I 1 I 1 I I I I Pseudodictyomitra depressa (34-34)
I 11 I I I I I 11 11 I I 11 1 I I 1 I 1 1 11I I I 1 I I 1 1I I III III 11 I I 1I I I I I I I 1I Hemicryptocapsa capita (35-37)
I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I l1li11 11 I I I I I I 1 I I I I I Cecrops septemporatus (35-37)
I I 11 I 1 11 1 11 I 1 1 I 111 1 I 11I I I I I 1 1 1 I I I I 1 11 l1li 11 I I I I 1 1 1 1 I I I I Sethocapsa kaminogoensis (35-37)
I I 1 I I I 1 I I 1 I 1 I 1 I 1 1 I I 11 1 1 1I 11I 1 I I 1 I 1I 11 III III III 11 I I I I I I I 11 I Sethocapsa uterculus (35-39)
I 1 I 11 I I I 1 I 11 I I 1 I I I I 1 I I I 1 I 1 1 I I 11 I I 1 1III l1li 11 III 11 I 11111 I 1 I I Parvicingula usotanensis (35-39)
I 1 I 1 I 1 I 11 I 1 I 1I 1 I I 1I I I I I I I I I 1 I 1 I 11I 111 IIiI III 11 III 11 IIiI fI III III 11 I I I I Cryptamphorella conara (35-45)
I I 1 I I I I 1 I 1 I I I 1 I 111 1 I 111 1I I I I I I I 1 I 1I I 11 ill III 11 III 11 11 IiII III I 1I 1 I Thanarla pulchra (36-44)
I I 1 I 1 I I I 1 I 11 I I I 1 1 I I 1 I I I 1 11 I I I I I I I I I I 111 I I I 1 1 1 I 1 I I I I Acanthocircus variabilis (37-37)
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I 1 1 1 1 1 1 I I 1I Syringocapsa limatum (37-37)
I I I I I I I I I 1 I I I 1 I 111 I I 1 1 1I I I I I 1 I I 11I I 1 I 11111111111 1I I I I I 1 I Crucella cf. cachensis (37-41)
I I I I I I 1 I I I I I I 1 I 1 1 I I 1 I I I 1 1I 1I I I I 1111 I I I III 11 I I 1 I 1I 1 1 I I Acanthocircus carinatus (38-39)
I I 1 I 1 I I I 1 I 1 1 I I 1 I I I 1I I I I I 1 1 1 1I I 1I I 1I I 11III 11 l1li 1 I 1 I 1 I I I I Archaeodictyomitra (?) sp. A (38-40)
1I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 11 l1li I I I I I I I 1I Archaeodictyomitra lacrimula (38-40)
I 1 I 11 1 I 11 I I I I I I 1I 1 1 I 1 1 1I I I I I 1 I I I I I 1 1 I I 1 11 11 11 1I I I 11 I 1Pseudodictyomitra lanceloti (39-41)
I 1 I 1 I I I 11 I I I 1 1 I I 11 I I 1 1 1 1111I I I I 1 I I I I I I I 1In 11 11 11111 -+-H Thanarla praeveneta (40-46)
I I I 1 I 1 11 I I I I I I I 1 1 I I 1 I I I I 11 1 I I 11I 1 1 I I 11I I I III l1li 1 I 1 I I 1I Tricapsula costata (41-42)
I I I 1 I I 1 1 I 1 I 1 I I I I I I I 1 I I I I 1 I I I I 11 I I I I 11 1 1 11I III I I I 111 1Pseudodictyomitra pentacolaensis (42-42)
I I 1 I I I 1 I I I 1I I I I I I I I I I 1 I I I I I 1 1 I I 1 1I I I I I I 11 1III 11 1I 1 1 I I Sethocapsa (?) perspicua (42-43)
I I 1 I I I I I I I 1 I 1I 1 I I 1 1 I 1 1 1 I I I 1I I I I I 1 1I I I I I 1 I I 11 11111 11 -+-H Pseudodictyomitra lodogaensis (42-46)
I I I I I I I I I I I I I I I I I I I I , , I I I I I I I I I I I I I I I I I I I I 11 IIIIi11 11 11111111 -1 Stichomitra communis (42-48)
I 1 I 1 I 1 I 11 I I I I 1 I 111 I I I I I I 1 11I I 11I I 1 I I 1 1I I I I I 11 11 III I I 1 I Hemicryptocapsa sp. A ( 43-45)
I I I 1 I 1 I 1 I 1 I I I 1 I 1 1 I I 1 I I I I 1 1 I I I 11 I I I I I 1 11I 1I 1I 1111111 III-H Mita gracilis (44-47)
I I I 1 I I 11 I I I I I I I 1 1 I I 1 I I I I I I I 1 11 1 I I I 11 1 1 1 1I 1I 11l1li l1li III-H Rhopalosyringium majuroense (45-47)
I I I I I I 1 I I 1 I 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I IIIIIII-H Mita sp. B (46-47)
I I 1 I I I I I I I I 1 I I I I I I 1 I I 11I I I 1 I I I I I I 1I I I I I 1 I I I 1 1 I III11-H Novixitus weyli (46-47)
I I 1 I 11 I I I I 1 I I I 1 I I I 1 I 1I 1I I I 1I I I I I I 1 I I I I I I I I I I I I 11111 11 -1 Archaeocenosphaera (?) sp. A (46-48)
I I I 1 I I I 1 I 1 I 1 1 I 1 I I I 1 I I I 1 I I I I I I I 1I I 1 I I 1I I I I I I I I I 11111 -1 Pseudodictyomitra pseudomacrocephala (47-48)
I I 1 I 1 I I I I I 1 I I 11 I I 1 I I 1 I 1 1 I I 1 I I I I I I I I I 1 11I 1I I I I I 1 1- 11 -1 Afens liriodes (48-48)
I 1 1 I 1 1 I I 1 I I I 1 1 I 1I I I 1 I I I I 1I I I I 11I I I I I I I I I 1 1I I 1I 1 I 11 -1 Hemicryptocapsa polyhedra (48-48)
f---t+H 1 I 1I I I I I I I I I I I I I I I I I 1 I 11I I I I I I I I I I I 1 I 1 1 11 I I !ill -1 Hemicryptocapsa prepolyhedra (48-48)
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I , I I , , I I , , I I I I I , III -1 Dictyomitra formosa (48-48)
I I 1 I I I ! I I ! ! I I I I I I I ! I I ! I ! I I ! I I I I I I I ! I ! I ! I I I I I I I ! I I I
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Fig. 6.3: Reproducibility table (output of BioGraph program version 2.02, Savary & Guex, 1990). Black and grey rectangles
represent U.A.'s and unions of U.A. 's respectively, strictly identified in the sections studied. The proposed local "zones" are
correlated to standard chronostratigraphic stages and radiolarian zonations proposed by Matsuoka & Yao (1986), Matsuoka (1992),
and Baumgartner (1984, 1987). Cross-hatched fields indicate uncertain correlation.
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7. SYSTEMATIC PALEONTOLOGY

7.1 Sample preparation

Radiolarians from chert samples were extracted us
ing standard HF methods (Dumitrica, 1970; Pessagno &
Newport, 1972; De Wever, 1982b).

The lower Cretaceous siliceous-limestone samples
were first treated with acetic acid to remove the carbon
ate component. These residues were devoid of determi
nable radiolarians. Radiolarians were then isolated with
diluted hydrofluoric acid.

7.2 General remarks on systematics

The main purpose of this work was the biostratigra
phic research. The taxa are listed in alphabetical order
of genera and species because they were not systemati
cally studied on the suprageneric level. The generic as
signment of species follows previous authors. Possible
disagreements are discussed in the remarks or indicated
by a question mark after the name of the genus.

The taxonomy is further adapted to the specific bios
tratigraphic problem. The long time-span investigated
allowed us only a relatively low-resolution sampling. A
broad definition of species is generally used to enable
the correlation among the assemblages of different sec
tions. Several morphotypes are often merged in groups,
for example Napora bukryi PESSAGNO gr., Acaeniotyle
diaphorogona FOREMAN gr. and others. Many taxa are
treated on the generic level. Due to the clearly distinc
tive morphologic characters, their stratigraphic range is
much more reliable than the range of individual species.

The taxonomic list and illustrations provide a precise
definition of the taxa used in the database and resulting
biochronological correlation. Morphotypes possessing
high variability are illustrated with several figures to de
monstrate at least the end members. The same principle
is applied for the long ranging taxa, for which there is a
picture of the oldest and the youngest form. Some transi
tional forms, not included in the database, are illustrated
in order to clearly define the morphologic limits of a
taxon. Each species is, in addition, provided with a criti
cal synonymy as complete as possible.

Some of the listed species (marked with an asterisk)
are not included in the zonation for the following rea
sons: 1: They were found only in one section and are
therefore of no impOliance for correlation. 2: The pres
ence of some radiolarians with delicate tests, especially
spumellarians, is vely discountinuous in our sections.
Furthermore, ancestral and descendent forms are often
similar in shape and external ornamentation. Such forms
were not used for the correlation to avoid the introduc
tion of possible homeomorphs. The illustrations of these

58

species should complete the picture of the radiolarian
assemblages from the Budva Zone and provide supple
mentmy data for the correlation with other regions.

7.3 Taxonomic list

Species marked with an * asterisk are not included in
the protoreferential.

Genus: Acaeniotyle FOREMAN 1973

Type species: Xiphosphaera umbilicata ROST 1898

Acaeniotyle diaphorogona FOREMAN 1973 gr.
PI. 2, figs. 10-11, 15

Acaeniotyle diaphorogona FOREMAN

Foreman 1973, p. 258, pI. 2, figs. 2-5.
Foreman 1975, pI. 2F, figs. 1-3, non figs 4-5; pI. 3,

figs. 1-2.
Muzavor 1977, p. 34, pI. 1, fig. I.

Mizutani 1981, p. 175, pI. 61, figs. 1-2.

De Wever & Thi6bau1t 1981, p. 582, pI. 2, fig. 7.

Kanie et a!. 1981, pI. 1, fig. I.
Aoki 1982, pI. 1, fig. I.
Schaaf 1984, p. 104-105, figs. 1-5.

Ozvoldova & Sykora 1984, p. 261, pI. 1, figs. 1-3.

Sanfilippo & Riedel 1985, p. 586, fig. 4.1 a,b.
De Wever et a!. 1986b, pI. 6, fig. 11.
Aita 1987, p. 63, pI. 12, fig. 12.

Ozvoldova & Petercakova 1987, pI. 31, fig. 1.
Ozvoldova 1988, pI. I, fig. 2.

Kawabata 1988, pI. 2, fig. 15

Thurow 1988, p. 396, pI. 9, fig. 8.
Tumanda 1989, p. 33, pI. 1, fig. 2, 3.
Baumgartner 1992, p. 317, pI. 3, fig. I.
Matsuoka 1992, pI. 3, fig. 12.

Ozvoldova & Petercakova 1992, pI. 1, fig. 16, ? 13.
Steiger 1992, p. 28, pI. 2, figs. 1, 2.

Taketani & Kanie 1992, Fig. 3.1.

Acaeniotyle sp. aff. A. diaphorogona FOREMAN

Foreman 1973, pI. 2, tlg. 6, 7; pI. 16, fig. 16.

Foreman 1975, p. 607, pI. 1F, fig. I.
Yao 1984, pI. 3, fig. 24.

Acaeniotyle diaphorogona FOREMAN s. I.

Baumgartner 1984, p. 753, pI. 1, figs. 1-2.

Widz 1991, p. 243, pI. 1, fig. I.

* Acaeniotyle umbilicata (ROST) 1898
PI. 2, fig. 12

Xiphosphaera umbilicata ROST
Rust 1898, p. 7, pI. 1, fig. 9.



Dumitriea 1972, p. 832, pI. 1, fig. 1

Renz 1974, p. 799, pI. 2, figs. 9-11, 12; pI. 9, fig. 21.

Acaeniotyle umbilicata (RUST)
Foreman 1973, p. 258, pI. 1, figs. 12-14, 16.

Foreman 1975, p. 607, pI. 2E, figs. 14-17; pI. 3, fig. 3.

Muzavor 1977, p. 26, pI. 1, fig. 3.

Nakaseko et aI. 1979, pI. 4, fig. 7.

Baumgminer et aI. 1980, p. 48, pI. 2, fig. 8.

Koeher 1981, p. 51, pI. 12, figs. 1-2.

Sehaaf 1981, p. 431, pI. 6, fig. 11; pI. 15, fig. 3a,b.

Nakaseko & Nishimura 1981, p. 141, pI. 1, fig. 7; non

pI. 14, fig. 2.

Kanie et al. 1981, pI. 1, fig. 2.

Baumgartner 1984, p. 754, pI. 1, fig. 5.

Ozvoldova& Sykora 1984, p. 261, pI. 1, figs. 4-5.

Sehaaf 1984, p. 148-149, figs. 1, 2a,b, 3a,b.

Sanfilippo & Riede1 1985, p. 587, pI. 4.2a-d.

Aita & Okada 1986, p. 108, pI. 1, fig. 1.

De Wever et al. 1986b, pI. 6, figs. 8, 12-13.

Aita 1987, p. 63, pI. 12, fig. 2.

Igo et aI. 1987, Fig. 2.11.

Pavsic & Gorican 1987, p. 22, pI. 2, fig. 5.

Kito 1987, pI. 1, fig. 7.

Ozvoldova 1988, pI. 1, fig. 1.

Thurow 1988, pI. 9, fig. 7.

Tumanda 1989, p. 33, pI. 1, fig. 4.

Kato & Iwata 1989, pI. 1, fig. 9.

Baumgartner 1992, p. 317, pI. 3, fig. 2.

Ozvoldova & Petercakova 1992, pI. 1, figs. 8, 10.
Steiger 1992, p. 27, pI. 1, figs. 16, 17.

Taketani & Kanie 1992, Fig. 3.2.

Acaeniotyle tuberosa STEIGER

Steiger 1992, p. 27, pI. I, figs. 18-20.

Acaeniotyle variata OZVOLDOVA 1979 s.1.
PI. 2, fig. 14

Acaeniotyle diaphorogona variata OZVOLDOVA

OZvoldova, 1979, p. 251, pI. I, fig. 2.

Conti & Marcueci 1991, pI. 1, fig. 2.

Matsuoka 1992, pI. 5, fig. 10.

Acaeniotyle (?) sp. 1
Kito 1989, p. 95, pI. 3, figs. 1-5, 8-9.

Acaeniotyle sp. B
Tonielli 1991, p. 21, pI. 1, fig. 20

Remarks: This species is characterized by massive
nodes on the shell surface and branched spine-tips.

Genus: Acanthocircus SQUlNABOL 1903

Type species: Acanthocircus irregularis SQUINABOL

1903
Acanthocircus carinatus FOREMAN 1973

PI. 3, fig. 4

Acanthocircus carinatus FOREMAN

Foreman 1973, p. 260, pI. 5, fig. 2, non fig. 1.

non Riedel & Sanfilippo 1974, p. 775, pI. 2, figs. 1,2.

Foreman 1975, p. 610, pI. 2C, fig. 8, pI. 4, fig. 12.

Sehaaf 1981, p. 431, pI. 16, fig. 2.

Sehaaf 1984, p. 159, fig. 7.

Acanthocircus dicranacanthos (SQUlNABOL) 1914,
emend. FOREMAN 1975

Saturnalis dicranacanthos SQUINABOL

Squinabol 1914, p. 289, pI. 22, figs. 4-7, pI. 23, fig. 8; text

fig. 1, p. 290.

Saturnalis novalensis SQUINABOL

Squinabol1914, p. 268, 297, pI. 20, fig. 1; pI. 23, fig. 7.

Saturnulus sp.
Fiseh1i 1916, p. 46, fig. 53.

Acanthocircus dizonius (RUST) (?)

Foreman 1973, p. 260, pI. 4, fig. 4, 5.

Acanthocircus dizonius (RUST)
Riedel & Sanfilippo 1974, p. 775, pI. 2, figs. 4, 5, non fig. 3.

Acanthocircus dicranacanthos (SQUINABOL)

emend. Foreman 1975, p. 610, pI. 2D, figs. 5,6.

Muzavor 1977, p. 37, pI. 4, fig. 4.
Pessagno 1977a, p. 73, pI. 3, fig. 5.

Pessagno 1977b, p. 31, pI. 2, fig. 6.

Donofrio & Mostler 1978, p. 28, pI. 2, fig. 3; pI. 4, figs. 4,

7-9; pI. 5, figs. 10-11.

Nakaseko et aI. 1979, p. 2, fig. 7.

Baumgminer et aI. 1980, p. 49, pI. I, fig. 1I.

Holzer 1980, p. 156, text-fig. 2, pI. I, figs. 1-12; pI. 2,

fig. 7-9.

Okamura 1980, pI. 19, fig. 8.

KanieetaI. 1981, pI. 1, fig. 3.

Koeher 1981, p. 51, pI. 12, fig. 3.

Nakaseko& Nishimura 1981, p. 141, pI. 1, Jig. 6.

Sehaafl981, p. 431, pI. 7, fig. I;pl. 16, fig. 3.

Aoki 1982, pI. I, fig. 3.

Okamura & Uto 1982, pI. 4, figs. 12-14; pI. 5, Jig. 17.

Baumgartner 1984, p. 754, pI. 1, Jig. 7.

Ozvoldova& Sykora 1984, p. 261, pI. I, Jigs. 6, 7.

Schaaf 1984, p. 106-107, Jigs. 1-5.

Sanfilippo & Riedel 1985, p. 591, pI. 5, 2a-e.

Aita & Okada 1986, p. 108, pI. I, fig. 5.

De Wever et aI. 1986b, pI. 6, Jigs. 3-4.

Pavsic & Gorican 1987, p. 22, pI. 2, fig. 2.

Ozvoldova& Petercakova 1987, pI. 31, fig. 3.

OZvoldova 1988, pI. 3, fig. 7.

Thurow 1988, p. 396, pI. 10, fig. 3.

Danelian 1989, p. 130, pI. 1, figs. 9-11.

Tumanda 1989, p. 34, pI. 2, fig. 12.

Ozvoldova & Petercakova 1992, pI. 1, figs. I, 2, 1I.

Steiger 1992, p. 34, pI. 5, figs. 3-6.

Acanthocircus sp. ef A. dicranacanthos (SQUINABOL)

Thurow 1988, p. 396, pI. 10, fig. 4.

Acanthocircus sp. B
Ozvoldova & Petercakova 1992, p. 315, pI. 1, fig. 3.
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Remarks: All morphotypes with a bifurcating spine
at least at one end of the ring are included.

Acanthocircus trizonalis (ROST) 1898 gr.
PI. 3, figs. 1-2

Saturnulus dizonius RUST
RUst 1898, p. 8, pI. 2, fig. 3.

Saturnllllls trizonalis RUST
RUst 1898, p. 9, pI. 2, fig. 4.
Fischli 1916, p. 47, tig. 52.

Satllrnalis major SQUINABOL
Squinabol 1914, p. 288, pI. 22, fig. 3.

Satllrnalis amissus SQUINABOL
Squinabol 1914, p. 296, pI. 23, figs. 2-5.

Acanthocirclls amissus (SQUINABOL)
Oonofrio & Mostler 1978, p. 23, pI. I, figs. 1, 10; pI. 5,

figs. 1-4, 6, 9; pI. 6, figs. 4, 6, 8, 11.
Oivo ldova 1988, pI. 3, fig. 8.
Oivoldova 1990a, p. 139, pI. 5, fig. 2.
Ozvoldova 1990b, pI. 4, fig. 5.
Widz 1991, p. 243, pI. I, fig. 2.
Steiger 1992, p. 34, pI. 5, tig. 7.

Acanthocirclls trizonalis (RUST)
Foreman 1973, p. 261, pI. 4, figs. 6-8.
Foreman 1975, p. 610, pI. 20, figs. 1-4.
De Wever & Thiebault 1981, p. 584, pI. 2, fig. 16.
Schaafl981, p. 431, pI. 16, fig. I.
Schaaf 1984, p. 155, fig. 5.
Sanfilippo & Riede11985, p. 592, figs. 5.1a-d.
Pavsic & Gorican 1987, p. 23, pI. 2, fig. 3.
Thurow 1988, p. 396, pI. 10, fig. 2.

Acanthocirclls dizonills (RUST)
Riedel & Santilippo 1974, p. 775, pI. 2, fig. 3, non figs. 4, 5.

Acanthocircus sp. A
Pessagno 1977a, p. 74, pI. 3, figs. 7-12.

Acanthocirclls sp.
Schaaf 1981, p. 431, pI. 7, fig. 7.
Thurow 1988, p. 396, pI. 10, fig. I.

Acanthocircus cf. amisslls (SQUINABOL)
DlImitrica & Mello 1982, pI. 3, fig. 20.

Remarks: Distal peripheral spine is simple non-bifur
cated and has a thickened saddle at its base.

Acanthocircus variabilis (SQUINABOL) 1914
PI. 7, fig. 3

Saturnalis variabilis SQUINABOL
Sqllinabol 1914, p. 291, pI. 22, fig. 8, non fig. 9

Acanthocirclls sp. aff. S. variabilis SQUINABOL
Foreman 1973, p. 261, pI. 5, figs. 4, 5.

Acanthocirclls carinatlls FOREMAN
Foreman 1973, p. 260, pI. 5, fig. I, non fig. 2.
Riedel & Sanfilippo 1974, p. 775, pI. 2, fig. I, non fig. 2.
Ozvoldova & Petercakova 1992, pI. I, fig. 5.

Acanthocirclls variabilis (SQUINABOL)
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non Pessagno 1977a, p. 74, pI. 3, fig. 6.
Donofrio & MostIer 1978, p. 32, pI. 3, figs. 6, 10, pI. 6,

figs. 5, 7.
non Yang & Wang 1990, p. 204, pI. 2, fig. 8.

Genus: Arens RIEDEL & SANFILlPPO 1974

Type species: Afens firiodes RIEDEL & SANFlLlPPO 1974

Arens liriodes RIEDEL & SANFILlPPO 1974
PI. 26, figs. 1-2

AJens liriodes RlEDEL & SANFILIPPO
Riedel & Sanfilippo 1974, p. 775, pI. 11, fig. 11; pI. 13,

figs. 14-16.
Sanfilippo & Riede11985, p. 624, Figs. 13.3a-c.
Thurow 1988, pI. 2, fig. I.

Unnamed Nassellaria
Nakaseko & Nishimura 1981, pI. 13, tig. 6.

Genus: Angulobracchia BAUMGARTNER 1980

Type species: Paronaella (?) purisimaensis PESSAGNO
1977a

Angulobracchia biordinalis OZVOLDOVA, in
Ozvoldova & Sykora 1984

PI. 6, figs. 2-3

Anglllobracchia sp. aff. A. digitata BAUMGARTNER
Baumgartner 1980, p. 312, pI. 10, fig. 15.

Angulobracchia biordinale OZVOLDOVA
OZvoldova & Sykora 1984, p. 262, pI. 2, figs. 1-7; pI. 16,

figs. 1,2.
OZvoldova 1988, pI. I, fig. 10.

Widz 1991, p. 243, pI. I, fig. 17.
Halesium digitatllm (BAUMGARTNER)

De Wever et a!. 1986b, pI. 8, fig. 10.
Halesium sp. aff. Angulobracchia digitata BAUMGARTNER

De Wever & Cordey 1986, pI. I, fig. 15.

Angulobracchia digitata BAUMGARTNER 1980
PI. 6, fig. 1

Angulobracchia digitata BAUMGARTNER
Baumgartner 1980, p. 310, pI. 10, figs. 18-22, pI. 12,

fig. 11.
Kocher 1981, p. 55, pI. 12, fig. 11.
Oanelian 1989, p. 140, pI. 2, fig. 12.
OZvoldova 1990b, pI. 4, fig. I.
Widz 1991, p. 243, pI. I, fig. 8,10.

* Angulobracchia (?) sp. A
PI. 6, fig. 7

Angulobracchia (7) portmanni BAUMGARTNER
Steiger 1992, p. 50, pI. 12, figs. 7, 8 only.



Remarks: This species is characterized by a large tri
angular nodose central area. It differs from Angu
lobracchia (7) portmanni BAUMGARTNER (1984, p. 757,
pI. 2, figs. 1-3) by having shorter rays and more expan
ded ray-tips.

Genus: Archaeocenosphaera PESSAGNO & YANG, in
Pessagno et a!' 1989

Type species: Archaeocenosphaera ruesti PESSAGNO &
YANG, in Pessagno et al. 1989

Archaeocenosphaera (?) sp. A
PI. 3, figs. 5-6

Cenosphaera7sp.A

Empson-Morin 1984, pI. 1, fig. 6.

Hemicryptocapsa polyhedra DUMITRICA

ThurowI988,p.401,pl.l,fig.1.

Hemiclyptocapsa sp. cf. H polyhedra DUMITRICA

Thurow 1988, p. 401, pI. 5, fig. 2.

Hemicryptocapsa sp.
Hernandez-Molina et a!. 1991, Fig. 11.1.

Williriedellum sp. aft: W. gilkeyi DUMITRICA

Marcucci Passerini et a!' 1991, fig. 4n.

Hemicryptocapsa sp. A
Mm'cucci Passerini & Gm'din 1992, Fig. 31.

Remarks: Test covered by an irregular network of
polygonal facets.

Neither a depression indicating an encased cephalis
nor an aperture has been observed. This species prob
ably belongs to Spumellariina.

Genus: Archaeodictyomitra PESSAGNO 1976, emend.
PESSAGNO 1977b

Type species: Archaeodictyomitra squinaboli PESSAGNO
1976

Archaeodictyomitra (?) amabilis AITA 1987
PI. 20, fig. I

Thanarla sp. A
Aita 1982, pI. I, fig. 5.

Kishida & Hisada 1986, pI. 2, fig. 9.

Thanarla sp. C
Aita 1982, pI. I, fig. 16.

Archaeodictyomitra sp. R

Matsuoka 1982b, pI. 2, figs. lla,b, 16.

Yao 1984, pI. 2, fig. 14.

Thanarla sp. A

Kishida & Hisada 1986, Fig. 2.9.

Archaeodictyomitra 7 amabilis AITA

Aita 1985, fig. 6, 6.
Aita 1987, p. 70, pI. I, figs. 13a,b; pI. 9, fig. 6.

Matsuoka 1990, pI. 1, fig. 5.

Maate et aI. 1993, Fig. 3.7, 3.8.

Thanarla (7) sp.

Kojima 1989, pI. 2, figs. 8a,b.

Mizutani & Kojima 1992, pI. 1, figs. 8a, 8b.

Archaeodictyomitra aff. inexploratum (BLOME)

Yao 1991, pI. 4, fig. 9.

Archaeodictyomitra apiarium (ROST) 1885
PI. 20, figs. 5-6,12,17-18

Lithocampe apiarium ROST

RUst 1885, p. 314, pI. 39 (14), fig. 8.

Dictyomitra apiarium (ROST)

non Foreman 1975, p. 613, pI. 2G, figs. 7-8.

Dictyomitra excellens (TAN)

Baumgartner & Bernoulli 1976, p. 615, fig. 12k.

Archaeodictyomitra apiara (ROST)

Pessagno 1977b, p. 41, pI. 6, fig. 6, 14.

non Kanie et aI. 1981, pI. 1, fig. 8.

Nakaseko & Nishimura 1981, p. 145, pI. 6, figs. 2-4; pI. 15,

figs. 2, 6, non fig. 1.

non Schaaf 1981, p. 432, pI. 18, fig. 2a,b.

Matsuyama et aI. 1982, pI. I, fig. I.

Aoki 1982, pI. 2, fig. 11,712

Matsuoka & Yao 1985, pI. 2, fig. 4.

Tanaka et aI. 1985, pI. 1, figs. 5, 6.

Conti & Marcucci 1986, pI. I, fig. 3.

Kishida & Hisada 1986, fig. 2.8.

Matsuoka 1986c, pI. 2, fig. 14, pI. 3, fig. 13.

Kawabata 1988, pI. 2, fig. 9.

Wakita 1988, pI. 4, fig. I.

Tumanda 1989, p. 36, pI. 2, fig. 9

Kiessling 1992, pI. 1, fig. 4, 75.

Sano et aI. 1992, pI. 2, fig. E.

Dictyomitra apiarum (ROST)

Nakaseko et aI. 1979, pI. 3, fig. 4, non fig. 3.

Archaeodictyomitra apiarium (ROST)

Kocher 1981, 56, pI. 12, fig. 13.

Schaaf 1984, p. 92-93, figs. 1, 3a,b, 5a,b; non figs, 2, 4a,b.

Aita & Okada 1986, p. 108, pI. 1, fig. 11.

Igo et aI. 1987, Fig. 2.14.

Pavsic & Gorican 1987, p. 24, pI. 2, fig. 11.

Danelian 1989, p. 142, pI. 3, figs. 1-2.

Widz 1991, p. 243, pI. I, fig. 14.

Archaeodictyomitra apiaria (ROST)

Ozvoldova & Sykora 1984, p. 263, pI. 3, fig. 6.

Baumgartner 1984, p. 758, pI. 2, figs. 5-6.

OZvoldova 1990b, pI. 3, fig. 2; pI. 5, fig. 5.

Steiger 1992, p. 88, pI. 25, figs. 8, 9.

Archaeodictyomitra directiporata (ROST)

7 OZvoldova 1988, pI. 4, fig. 3.

Remarks: See remarks under Archaeodictyomitra
minoensis (MIZUTANi).
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Archaeodictyomitra excellens (TAN) 1927
PI. 20, figs. 2-4

Lithomitra exeellens TAN

Tan 1927, p. 56, pI. 11, fig. 85.

Dietyomitra exeellens (TAN)

Renz 1974, pI. 8, fig. 8, non fig. 7; pI. 11, fig. 35.

Dietyomitra apiarum (RUST)

Nakaseko et al. 1979, pI. 3, Jig. 3, non 4.

Arehaeodietyomitra apiara (RUST)

Sehaaf 1981, p. 432, pI. 18, fig. 2a,b.

Nakaseko & Nishimura 1981, p. 145, pI. 6, fig. 1, non 3-4.

Kanie et al. 1981, pI. 1, fig. 8.

Okamura & Uto 1982, pI. 2, Jigs. 1-2.

Kito 1987, pI. 3, Jig. 2.

Kato & Iwata 1989, pI. 2, fig. 4.

Taketani & Kanie 1992, Fig. 3.9.

Arehaeodietyomitra exeellens (TAN)

Baumgartner 1984, p. 758, pI. 2, Jigs. 7-8.

Pavsic & Gorican 1987, p. 24, pI. 2, fig. 10.

Tumanda 1989, p. 36, pI. 3, fig. 7; pI. 10, fig. 3.

Aguado et al. 1991, Fig. 1.4.

Matsuoka 1992, pI. 1, Jig. 7.

Steiger 1992, p. 88, pI. 25, figs. 10, 11.

Arehaeodietyomitra apiarium (ROST)

Sehaaf 1984, 92-93, Jigs. 2, 4a,b, non figs. 1, 3a,b, 5a,b.

Archaeodictyomitra lac rimula (FOREMAN) 1973
PI. 21, figs. 5-6

Dietyomitra (7) laerimula FOREMAN

Foreman 1973, p. 263, pI. 10, fig. 11.

Foreman 1975, p. 614, pI. 2G, figs. 5,6, pI. 6, fig. 1.

Nakaseko et al. 1979, p. 22, pI. 4, fig. 1.

Arehaeodietyomitra laerimula (FOREMAN)

Sehaaf 1981, p. 432, pI. 22, figs. 3a,b.

Nakaseko & Nishimura 1981, p. 146, pI. 6, figs. 5, 6; pI. 15,

fig. 10.

Okamura & Uto 1982, pI. 7, fig. 4.

Sanfilippo & Riedel 1985, p. 598, Figs. 7.3a-e.

Okamura & Matsugi 1986, pI. 1, figs. I, 2.

Kito 1987, pI. 3, Jig. 3.

Tumanda 1989, p. 36, pI. 3, Jig. 19.

Iwata et al. 1990, pI. 1, fig. 1, pI. 2, figs. 2, 6.

Aguado et al. 1991, Fig. 7.1.

Taketani & Kanie 1992, Fig. 3.10.

Thanarla laerimula (FOREMAN) gr.

Vishnevskaya 1984, pI. 12, Jigs. 1,4, 8.

Remarks: Only specimens with a closed or nearly
closed, inversely conical distal part are included.

Archaeodictyomitra minoensis (MlZUTAN!) 1981
PI. 20, figs. 9,14-15,19,20

Pseudodietyomitra minoensis MIZUTANI

Mizutani 1981, p. 178, pI. 58, fig. 4; pI. 63, figs. 9-10.
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Adaehi 1982, pI. 1, figs. 9, 10.

Yamamoto 1983, pI. 1, fig. 7.

Dietyomitra sp. aff. D. minoensis (MIZUTANI)

Yao 1984, pI. 3, fig. 5.

Arehaeodietyomitra minoensis (MIZUTANI)

Matsuoka& Yao 1985, pI. 2, fig. 5.

Wakita 1988, pI. 5, fig. 2; pI. 6, fig. 10.

Yao 1991, pI. 4, fig. 25.

7 Kiessling 1992, pI. 1, figs. 2-3.

Remarks: Archaeodictyomitra minoensis (MIZU
TAN!) is closely related to A. apiarium (ROST). It differs
from the latter by the circumferential ridges being larger
with respect to intersegmental constrictions. Only nar
row transverse ridges may develop with A. apiarium.
The segmental division is externally more pronounced
with A. minoensis.

Through time both species show a decrease in num
ber of costae, which become thicker, especially where
crossing the transverse ridges. Circular pores, systemati
cally arranged on both sides of the ridge, become larger.
Transitional forms (pI. 20, figs. 7, 8, 13) exist fi'om the
upper Oxfordian to the Tithonian.

The vertical costae of A. minoensis tend to disappear
in the area of constrictions (pI. 20, fig. 9; illustrations by
Mizutani, 1981). It is suggested that A. minoensis gave
rise to Pseudodictyomitra depressa BAUMGARTNER.

Archaeodictyomitra (?) sp. A
PI. 21, figs. 1-2

Stiehoeapsa deeara RUST

Nakaseko & Nishimura 1981, p. 162, pI. 17, fig. 9.

Stiehoeapsa sp. ef. S. deeara ROST

Sehaaf 1981, p. 439, pI. 27, figs. 12a,b.

Mita (7) sp. E
Thurow 1988, p. 402, pI. 6, fig. 22.

Remarks: Proximal part conical, distal portion infla
ted, closed. Generally one row, sometimes two to three
rows of pores between adjacent costae.

Genus: Archaeohagiastrum BAUMGARTNER 1984

Type species: Archaeohagiastrum munitum
BAUMGARTNER 1984

Archaeohagiastrum munitum BAUMGARTNER 1984
PI. 5, fig. 14

Crucella sp. A

Sashida et al. 1982, pI. I, t1g. 9.

Tetratrabs sp. B

Wakita 1982, pI. 5, fig. 4.

Arehaeohagiastrum munitum BAUMGARTNER

Baumgartner 1984, p. 759, pI. 2, figs. 9-13.

Nagai 1985, pI. 2, t1g. 5-5a.



Yamamoto et al. 1985, p. 34, pI. 3, fig. 7a,b.

Danelian 1989, p. 143, pI. 3, fig. 3.

Kito 1989, p. 116, pI. 7, fig. 8.

Tetraditryma sp. B
7 Carter et al. 1988, p. 31, pI. 16, fig. 8.

Genus: Ares DE WEVER 1982a

Type species: Ares armatus DE WEVER 1982a

Remarks: Parares TAKEMURA (1986) is synonymi
zed with Ares DE WEVER. The differences between
these two genera (presence or absence of an external
spine A and cylindrical or conical shape) are considered
to be of specific rather than generic level.

Ares spp.
PI. 26, figs. 13-14

Remarks: This morphotype is treated in the generic
level.

Genus: Bagotum PESSAGNO & WHALEN 1982

Type species: Bagotum mal/dense PESSAGNO &
WHALEN 1982

* Bagotum sp.
PI. 17, fig. 11

Genus: Bernoullius BAUMGARTNER, in Baumgartner
etal.1980

Type species: Eucyrtis (7) dicera BAUMGARTNER, in
Baumgartner et al. 1980

* Bernoullius cristatus BAUMGARTNER 1984
PI 8, fig. 5

Eucyrtis (7) dicera BAUMGARTNER
Baumgartner et al. 1980, p. 54, pI. 6, fig. 6 (only).

ElIcyrtis (7) sp. A

Koeher 1981, p. 68, pI. 13, figs. 19-20.

Bernollllills cristatus BAUMGARTNER

Baumgartner 1984, p. 760, pI. 2, figs. 14-15.

Danelian 1989, p. 144, pI. 3, fig. 4-6.

Kito 1989, p. 157, pI. 17, fig.!.

Conti & Mareueei 1991, pI. 1, fig. 8.

Pessagno et al. 1993, p. 119, pI. 1, fig. 14.

Bernoullius dicera (BAUMGARTNER), in Baumgartner
et a!. 1980

PI. 8, figs. 1-4

Lophophaena sp.
Ozvo1dova 1979, p. 259, pI. 4, figs. 4-5.

ElIcyrtis (7) dicera BAUMGARTNER

Baumgartner et al. 1980, p. 54, pI. 3, fig. 16, pI. 6, 1ig. 10,

non fig. 6.

Kocher 1981, p. 68, pI. 13, figs. 17-18.

De Wever& Caby 1981, pI. 2, fig. 21.

Bernollllius dicera (BAUMGARTNER)

Baumgartner 1984, p. 760, pI. 2, fig. 16.

Dane1ian 1989, p. 145, pI. 3, fig. 9.

Kito 1989, p. 157, pI. 17, fig. 2.

Widz 1991, p. 244, pI. 1, fig. 15.

* Bernoullius furcospinus KITO, DE WEVER,
DANELIAN & CORDEY 1990

PI. 8, fig. 19

Bernoullius sp. B

Dane1ian 1989, p. 145, pI. 3, fig. 12.

Bernoullills sp. 1

Kito 1989, p. 158, pI. 17, figs. 4, 5, 7, 10, 14.

Bernollllius ji/rcospinus KlTO, DE WEVER, DANELlAN &

CORDEY

Kito et al. 1990, p. 344-347, pI. 2, fig. 1-3,6,8.

Spongiostoma 7jill'cospinlls (KITO & DE WEVER)

Tonielli 1991, p. 26, pI. 1, fig. 3.

Bernoullius rectispinus KITO, DE WEVER, DANELIAN
& CORDEY 1990 s.I.

PI. 8, figs. 7-9,11-18

Eucyrtis dicera BAUMGARTNER
Carayon et al. 1984, pI. 1, fig. 10.

Bernoullius sp. B.
De Wever et al. 1987, pI. A, fig. 3.

Gorican 1987, p. 181, pI. 1, fig. 18.

Bernoullius sp. A

Gorican 1987, p. 181, pI. 1, Jig. 17.

Danelian 1989, p. 145, pI. 3, Jigs. 10-1!.

Tonielli 1991, p. 22, pI. 1, Jig. 11.

Conti & Marcucei 1991, p. 798, pI. 1, figs. 14, 16.

Widz 1991, p. 244, pI. 1, Jig. 16.

Bernollllills sp. 2
Kito 1989, p. 158, pI. 17, figs. 8-9,11-13,15.

Bernollllills sp. 3

Kito 1989, p. 159, pI. 17, Jigs. 3, 6.

Bernoullills sp. C

Danelian 1989, p. 146, pI. 3, Jig. 13.

Conti & Marcucci 1991, p. 798, pI. 1, Jig. 13.

Bernollllills rectispinlls KlTO, DE WEVER, DANELlAN, CORDEY

Kito et al. 1990, p. 347-348, pI. 11, fig. 4, 5, 7, 9, 10.

Bernollllills sp.
Yang & Wang 1990, p. 207, pI. 3, fig. 3.

Bernollllis leporinus leporinlls CONTl & MARCUCCI

Conti & MaI'cueci 1991, p. 798, pI. 1, figs. 10, 12.

Bernollllills leporinlls rotundlls CONTl & MARCUCCI

Conti & Marcllcci 1991, p. 799, pI. 1, Jig. 11.

Spongiostoma7 rectispinlls (Krro & DE WEVER)

63



Tonielli 1991, p. 26, pI. 1, fig. 2.

Bernoullius chalouani EL KADlRI

El Kadiri 1992, p. 41, pI. 2, figs. 11,712.

Bernoullius brokenkettlensis PESSAGNO, BLOME & HULL

Pessagno et al. 1993, p. 119, pI. 1, figs. 5-7,24, 28.

Bernoullius delnortensis PESSAGNO, BLOME & HULL

Pessagno et al. 1993, p. 120, pI. 1, figs. 4,15,26.

Bernoullius irwini PESSAGNO, BLOME & HULL

Pessagnoetal.1993,p.120,pl.l,figs.1, 10,13,27.

Remarks: Included are all forms of Bernoullius with
straight spines and pointed spine-tips. Specimens of dif
ferent size and shape of the main body generally coexist.

It seems likely that morphotypes with well developed
secondary grooves along the spines are restricted to the
Middle Jurassic. They are not separated in the present
range-chart.

Genus: Canoptum PESSAGNO, in Pessagno et al. 1979

Type species: Canoptum poissoni PESSAGNO, in
Pessagno et al. 1979

* Canoptum spp.
PI. 17, figs. 17-19

Genus: Cecrops PESSAGNO 1977b

Type species: Staurosphaera septemporata PARONA
1890.

Cecrops septemporatus (PARONA) 1890
PI. 1, fig. 5

Staurosphaera septemporata P ARONA

Parona 1890, p. 151, pI. 2, figs. 4, 5.

Foreman 1973, p. 259, pI. 3, fig. 4.

Riedel & Sanfilippo 1974, p. 780, pI. 1, figs. 6-8.

Foreman 1975, p. 609, pI. 2E, fig. 7, pI. 3, fig. 6.

Muzavor 1977, p. 53, 54, pI. I, figs. 9,10.

Nakaseko et al. 1979, p. 24, pI. 2, figs. 5, 6.

Kanieetal. 1981,pl. l,fig.5.

Schaaf 1981, p. 439, pI. 7, figs. 8a,b; pI. 16, tigs. 10a,b.

Nakaseko & Nishimura 1981, p. 161, pI. 1, fig. 2.

Tumanda 1989, pI. 1, fig. 5.

Cecrops septemporatus (PARONA)

Pessagno 1977b, p. 33, pI. 3, fig. 11.

Baumgartner et al. 1980, p. 51, pI. 2, fig. 7.

Okamura & Uto 1982, pI. 7, fig. 19.

Baumgartner 1984, p. 761, pI. 2, figs. 17-18.

Schaaf 1984, p. 136-137, figs. 1a,b, 2a,b, 3a,b.

ThllroW 1988, p. 398, pI. 9, fig. 18.

Oivoldova& Petercakova 1992, pI. 1, fig. 15.

Matslloka 1992, pI. 1, Jig. I.

Cecrops septemporata (PARONA)

64

Koeher 1981, p. 59, pI. 12, fig. 25.

Sphaerostylus septemporatus (PARONA)

SanJilippo & Riedel 1985, p. 590, Figs. 4.6a-d.

"Cecrops" septemporatus (PARONA)

Kito 1987, pI. 1, Jig.!.

Igo et al. 1987, Fig. 2.3.

Genus: Cinguloturris DUMITRICA, in Dumitrica &
Mello 1982

Type species: Cinguloturris carpatica DUMITRICA, in
Dumitrica & Mello 1982

Cinguloturris carpatica DUMITRICA, in Dumitrica &
Mello 1982

PI. 23,figs. 1,6-11

Cinguloturris carpatica DUMITRICA

Dumitrica & Mello 1982, p. 23, pI. 4, Jigs. 7-11.

Yao 1984, pI. 2, Jig. 28.

Matsuoka & Yao 1985, pI. 2, fig. 13.

Tanaka et al. 1985, pI. 1, fig. 12.

Aita 1985, Jig. 7.12.

7 Kishida & Hisada 1986, pI. 2, Jig. 12.

Matsuoka 1986e, pI. 2, Jig. 16, pI. 3, Jig. 1Ia,b.

Matsuoka& Yao 1986, pI. 2, fig. 14.

Aita 1987, p. 64, pI. 10, fig. 12.

OZvoldova 1988, pI. 6, Jig. 8.

7 Kawabata 1988, pI. 2, Jig. 10.

Wakita 1988, pI. 4, fig. 7 16, pI. 5, fig. 8.

Kato & Iwata 1989, pI. 5, fig. 5; pI. 6, Jig. 10.

Widz 1991, p. 244, pI. 1, fig. 11.

Yao 1991, pI. 4, fig. 11.

Matsuoka 1992, pI. 3, fig. 2; pI. 4, fig. 1.

Unnamed multieyrtoid nassellarian

7 Adachi 1982, pI. 2, Jigs. 9, 10.

Yamamoto 1983, pI. 1, Jig. 10.

Theoperidae gen. et sp. indet I

Aita 1982, pI. 2, fig. 18.

Theoperid gen. et sp. indet.

Aoki & Tashiro 1982, pI. 2, Jig. 9.

Stichomitra sp. A
Yao et al. 1982, pI. 4, fig. 20.

Dictyomitra sp. B
Ishida 1983, pI. 5, figs. 3,4.

Cingllloturris sp. atT. C. carpatica DUMITRICA

Yao 1984, pI. 3, tig. 19.

Cinglllotllrris sp. ef. C. carpatica DUMITRICA

Tanaka et al. 1985, pI. 1, fig. 7.

Remarks: See remarks under Cinguloturris sp. A.

Cinguloturris sp. A
PI. 23, figs. 3-5

Cingllloturris sp. aff. C. cmpatica DUMITRICA



Wakita 1988, pI. 6, fig. 14.
Cinguloturris sp.

Kato & 1wata 1989, pI. 2, fig. 7.

Remarks: Cinguloturris sp. A differs from other
species of the genus by possessing well developed cos
tae on the non-spongy part of the segments. Specimens
having at least one segment with this structure are as
signed to Cinguloturris sp. A.

Transitional forms between Cinguloturris carpatica
DUMITRICA and Cinguloturris sp. A have the non-spon
gy part of the segments covered by equally spaced
nodes, tending to form veliical costae (pI. 23, fig. 2).
They are excluded from our biostratigraphic data, be
cause in moderately preserved material they cannot be
distinguished from Cinguloturris sp. A.

Genus: Crolanium PESSAGNO 1977b

Type species: Crolanium triquetrum PESSAGNO 1977b

* Crolanium pythiae SCHAAF 1981
PI. 25, figs. 6-7

Dictyomira (?) sp.
Foreman 1975, p. 615, pI. 2H, fig. 4.

Crolanium pythiae SCHAAF
Sehaaf 1981, p. 432, pI. 20, figs. 5a-e.
Sehaaf 1984, p. 159, figs. 1, 2, 3a,b.
Sanfilippo & Riedel, 1985, p. 616, Fig. 13.1a-e.
Thurow 1988, p. 399, pI. 6, fig. 23.
Aguado et al. 1991, Fig. 7.7.
Matsuoka 1992, pI. I, fig. 9.

Genus: Crueella PESSAGNO 1971

Type species: Crucella messinae PESSAGNO 1971

Crueella ef. eaehensis PESSAGNO 1971
PI. 6, fig. 11

Crucella cachensis PESSAGNO

et Pessagno 1971, p. 53, pI. 9, figs. 1-3.

Remarks: The Lower Cretaceous representatives of
Crucella with a circular depression in the central area
are included. They become extinct in the upper Ap
tian-Iower Albian. Their stratigraphic continuity with
nearly identical morphotypes from the Upper Cretaceous

(typical Crucella cachensis PESSAGNO) has not been
proven.

Genus: Cryptamphorella DUMITRICA 1970

Type species: HemiCfyptocapsa conara FOREMAN 1968

Cryptamphorella eonara (FOREMAN) 1968
PI. 14, figs. 11, 12a,b

Hemicryptocapsa conara FOREMAN

Foreman 1968, p. 35, pI. 4, figs. Ila,b.
CJyptamphorella conara (FOREMAN)

Dumitriea 1970, p. 80, pI. 11, figs. 66a-e.
Dumitriea 1972, p. 842, pI. I, figs. 2-5.
Dumitriea 1975, text-fig. 2, fig. 28.
Nakaseko et al. 1979, pI. 6, fig. 1.
Sehaaf 1981, p. 433, pI. I, figs. 6a,b; pI. 9, figs. 15a,b.
Nakaseko & Nishimura 1981, p. 148, pI. 5, figs. 1Ia,b.
Taketani 1982a, p. 67, pI. 7, figs. 6a,b, 7a,b.
Sanfilippo & Riedel 1985, p. 613, fig. 12.1 a-c.
Thurow 1988, p. 399, pI. I, fig. 2; pI. 5, fig. 1.
Mareueci Passerini et al. 1991, Fig. 31.

CJyptamphorella sp. cf. C. conara (FOREMAN)

Thurow 1988, p. 399, pI. 8, fig. 20.
Cryptamphorella sp.

OZvoldova 1990a, p. 140, pI. 2, figs. 2, 7, 8.

Genus: Cyrtoeapsa HAECKEL 1881

Type species: Cyrtocapsa ovalis ROST 1885

* Cyrtoeapsa mastoidea YAO 1979
PI. 9, fig. 15

Cyrtocapsa mastoidea YAO

Yao 1979, p. 36, pI. 8, figs. 1-8.
Kido et al. 1982, pI. 4, fig. 7.
Matsuoka 1982b, pI. 1, fig. 7
Mizutani & Koike 1982, pI. I, fig. 9.
Wakita 1982, pI. 3, fig. 9.
Yao et al. 1982, pI. 3, fig. 14.
Matsuoka 1983, p. 24, pI. 9, fig. 8.
Mizutani et al. 1984, pI. I, fig. 10.
Matsuoka & Yao 1986, pI. 1, fig. 10.
Sato et al. 1986, fig. 17.13.
Yokota & Sano 1986, pI. I, fig. 8.
Gorican 1987, p. 182, pI. 2, fig. 3.
Hattori 1987, pI. 13, fig. 13.
Yao 1991, pI. 3, fig. 4.
Sano et al. 1992, pI. 2, fig. Q.

Yaocapsa macroporata KOZUR

Kozur 1984, p. 57, pI. 7, fig. 4.
Grill & Kozur 1986, pI. 2, lig. 6.

Yaocapsa mastoidea (YAO)

Kozur 1991, pI. 2, fig. 3.

* Cyrtoeapsa arf. mastoidea YAO 1979
PI. 9, fig. 20

Stichocapsa sp. b
Kido et al. 1982, pI. 5, fig. 10.

Yaocapsa air macroporata KOZUR

Csontos et al. 1991, pI. I, fig. 1.
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Remarks: Cyrtocapsa aff. mastoidea differs fi'om the
type material by the median p0l1ion being more inflated,
subspherical. The transition between thorax and abdo
men is abrupt.

Genus: Dibolachras FOREMAN 1973

Type species: Dibolachras tytthopora FOREMAN 1973

* Dibolachras tytthopora FOREMAN 1973
PI. 16, fig. 4

Dibolachras tytthopora FOREMAN

Foreman 1973, p. 265, pI. 11, fig. 4, pI. 16, fig. 15.

Foreman 1975, p. 617, pI. 2L, figs. 2, 3, pI. 6, fig. 16.

Sehaaf 1981, p. 433, pI. 5, figs. 3a,b; pI. 26, figs. la,b, 4.

Sehaaf1984, p. 146-147, figs. la,b, 2, 3a,b.

Sanfilippo & Riedel 1985, p. 609, Fig. 11.4a,b.

Thurow 1988, p. 400, pI. 7, fig. 20.

Genus: Dictyomitra ZITTEL 1876, emend. PESSAGNO
1976

Type species: Dictyomitra multicostata ZITTEL 1876

Dictyomitra formosa SQUlNABOL 1904
PI. 22, figs. 1-3

Dictyomitra formosa SQUINABOL

Squinabol 1904, p. 232, pI. 10, fig. 4.

Pessagno 1986, p. 51, pI. 8, figs. 10-12.

Nakaseko et a!. 1979, pI. 8, fig. 17.

De Wever& Thh~bault 1981, p. 587, pI. 2, fig. 1.

Nakaseko & Nishimura 1981, p. 150, pI. 8, figs. 7, 8; pI. 16,

figs. 4, 11.

Taketani 1982a, p. 58, pI. 4, figs. 6a,b; pI. 11, fig. 13.

Taketani 1982b, pI. 2, fig. 4.

Thurow 1988, p. 400, pI. 1, fig. 25.

Dictyomitra torquata FOREMAN

Foreman 1973, pI. 15, figs. 9-11.

Dictyomitra duodecimcostata (SQUINABOL)

Foreman 1975, p. 614, pI. 7, fig. 8.

Dictyomitra ef. D. formosa SQUlNABOL

Thurow 1988, p. 400, pI. 1, fig. 23.

Genus: Dictyomitrella HAECKEL 1887

Type species: Eucyrtidium articulatum EHRENBERG
1875 (subsequent designation by Campbell 1954).

Dictyomitrella (?) kamoensis MlZUTANI & KIDO, in
Kido et al. 1982

PI. 24, fig. 1

"Dictyomitrella" sp. A

Mizutani et aI. 1981, p. 197, fig. 2a.

Canoptum (7) sp.
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Aita 1982, pI. 1, figs. 1O-12b.

Dietyomitrella sp. A

Matsuoka 1982b, pI. 2, fig. 3a,b.

Dictyomitrella sp. D
Yao et aI. 1982, pI. 3, fig. 21.

Dictyomitrella sp. E

Ishida 1983, pI. 4, figs. 4, 5; pI. 6, fig. 4.

Dictyomitrella (7) kamoensis MlZUTANI & KlDO

Kido et aI. 1982, pI. 2, figs. 9-11.

Kojima 1982, pI. I, fig. 3.

Owada & Saka 1982, pI. 1, fig. 14.

Mizutani & Kido 1983, p. 258, pI. 53, figs. 2-4b.

Mizutani et aI. 1984, pI. 1, fig. 13.

Yao 1984, pI. 2, fig. 13.

Yamamoto et a!. 1985, pI. 4, fig. 1.

Matsuoka & Yao 1986, pI. 2, fig. 7.

Aita 1987, p. 65, pI. 4, figs. lOa-lIb; pI. 10, fig. 13.

Wakita 1988, pI. 4, fig. 13.

Matsuoka 1990, pI. 1, fig. 6, pI. 2, fig. 10.

Yao 1991, pI 4, fig. 10.

Matsuoka 1992, pI. 4, fig. 3.

Maate et aI. 1993, Fig. 3.5, 3.6.

"Dictyomitrella" kamoensis MIZUTANI & KlDO

Hattori & Yoshimura 1982, pI. 3, fig. 3.

Ristola kamoensis
Kishida & Hisada 1986, pI. 8, fig. 7.

Dictyomitrella (7) sp. A

Hattori 1987, pI. 18, fig. 15.

Dictyomitrella (7) sp. B

Hattori 1987, pI. 18, fig. 16.

Dictyomitrella (7) sp.
Hattori 1988b, pI. 2, figs. E, F, G.

"Dictyomitrella" spp.

Hattori 1989, pI. 32, figs. G, H.

Genus: Droltus PESSAGNO & WHALEN 1982

Type species: Droltus lyellensis PESSAGNO & WHALEN
1982

* Droltus spp.
PI. 17, figs. 14,20

Genus: Emiluvia FOREMAN 1973, emend. FOREMAN
1975, emend. PESSAGNO 1977a

Type species: Emiluvia chica FOREMAN 1973.

Emiluvia hopsoni PESSAGNO 1977a
PI. 4, fig. 9

Emiluvia hopsoni PESSAGNO

Pessagno 1977a, p. 76, pI. 4, figs. 14-16; pI. 5, figs. 1-7;

pI. 12, figs. 15-16.

Baumgartner et aI. 1980, pI. I, fig. 9.



Kocher 1981, p. 64, pI. 13, figs. 6-7.
Baumgartner 1984, p. 762, pI. 3, fig. I.
De Wever et al. 1986b, pI. 6, fig. 22.
Ozvoldova & Petercakova 1987, pI. 32, figs. 3, 4.
Conti & Marcucci 1991, pI. I, figs. 20, 21.
Widz 1991, p. 246, pI. I, fig. 25.
Matsuoka 1992, pI. 4, fig. 11.
Steiger 1992, p. 58, pI. 15, fig. 11.
PessagnoetaI.I993,p.131,pI.4,fig.21.

Emiluvia cf. hopsoni PESSAGNO
Kato & Iwata 1989, pI. 3, fig. 10.

Emiluvia ordinaria OZVOLDOVA, in Ozvoldova &
Sykora 1984
PI. 4, fig. 6

Emiluvia sp. A
Kocher 1981, p. 65, pI. 13, fig. 11.

Emiluvia sp. A KOCHER
De Wever & Cordey 1986, pI. I, fig. 13.

Emiluvia sedecimporata salensis PESSAGNO
De Wever et aI. I986b, pI. 6, fig. 25.

Emiluvia ordinaria OZVOLDOVA
Ozvoldova & Sykora 1984, p. 265, pI. 4, fig. 6-8, pI. 5,

fig. 1-4, pI. 16, fig. 4.
Ozvoldova 1988, pI. 3, fig. 9.
Danelian 1989, p. 149, pI. 4, fig. 5--6.

Remarks: In the material studied E. ordinaria

OZVOLDOVA has the same stratigraphic range as E.
sedecimporata (ROST). These two morphotypes prob
ably represent the variability of the same species.

Emiluvia orea BAUMGARTNER, in Baumgartner et al.
1980

PI. 4, figs. 10-11

Emiluvia orea BAUMGARTNER
Baumgartner et a!. 1980, p. 52, pI. I, figs. 1-7.
Kocher 1981, p. 64, pI. 13, fig. 8.
Baumgminer 1984, p. 762, pI. 3, fig. 5
De Wever et al. 1986b, pI. 7, figs. 3, 9.
Aita 1987, p. 63, pI. 13, fig. 8.
Ozvoldova 1988, pI. 8, figs. 1-2.
OZvoldova 1990b, pI. 3, fig. 4.
Danelian 1989, p. 150, pI. 4, figs. 7-9.

Emiluvia chica FOREMAN
Ozvoldova & Sykora 1984, p. 264, pI. 4, figs. 1-3.

Emiluvia pessagnoi FOREMAN 1973
PI. 4, fig. 6

Emiluvia pessagnoi FOREMAN
Foreman 1973, p. 262, pI. 8, fig. 6.
Pessagno 1977a, p. 76, pI. 5, fig. 8.
Baumgartner et al. 1980, p. 53, pI. 1, fig. 10.
Ballmgartner 1984, p. 762, pI. 3, fig. 3.

Aita & Okada 1986, p. 109, pI. I, fig. 8.
De Wever et a!. 1986b, pI. 7, figs. 8, 10.
Ozvoldova 1988, pI. 3, fig. 4.

Emiluvia pessagnoi pessagnoi FOREMAN
Steiger 1992, p. 54, pI. 14, figs. 8-11.

Emiluvia pessagnoi multipora STEIGER
Steiger 1992, pI. 15, Jigs. I, 2.

Emiluvia premyogii BAUMGARTNER 1984
PI. 4, figs. 1-2, 3a,b

Emiluvia chica FOREMAN
? Sato et aI. 1982, pI. 3, fig. 14.

Emiluvia sp. B
Wakita 1982, pI. 6, fig. 8.

Emiluvia premyogii BAUMGARTNER
Ballmgartner 1984, p. 762, pI. 3, figs. 6, 8-9, 11-12.
non De Wever & Miconnet 1985, p. 386, pI. I, figs. 3-6.
Aita 1987, p. 63, pI. I, fig. 3, pI. 8, fig. 5.
Gorican 1987, p. 182, pI. 3, fig. 8.
De Wever et aI. 1987, pI. A, fig. 1.
OZvoldova 1988, pI. 6, fig. 2; pI. 8, fig. 4.
Danelian 1989, p. 150, pI. 4, fig. 10-11.
Kito 1989, p. 112, pI. 6, fig. 8.
OZvoldova 1990b, pI. I, fig. 3.
Yang & Wang 1990, p. 205, pI. 2, figs. 5,10.
Conti & Marcucci 1991, pI. I, fig. 18.
Widz 1991, p. 246, pI. I, fig. 18.
Pessagno et aI. 1993, p. 132, pI. 4, figs. 7, 12.

Emiluvia aff. premyogii BAUMGARTNER
De Wever & Miconnet 1985, pI. I, fig. 8.

Emiluvia saIensis PESSAGNO 1977a
PI. 4, figs. 7-8

Emiluvia salensis PESSAGNO
Pessagno 1977a, p. 77, pI. 5, figs. 9-11.
Kocher 1981, p. 65, pI. 13, fig. 10.

Emilllvia sedecimporata salensis PESSAGNO
Ballmgminer 1984, p. 763, pI. 3, figs. 4, 7.
De Wever et aI. 1986b, pI. 6, Jigs. 21,25,26; pI. 7, fig. 5.
Ozvoldova 1990b, pI. 3, fig. 5.
Widz 1991, p. 246, pI. 1, fig. 22.

Emilllvia salensis PESSAGNO gr.
Danelian 1989, p. 152, pI. 4, Jig. 13.

Emilllvia sp. A
Danelian 1989, p. 154, pI. 4, figs. 16-18.

Emiluvia sp.
Conti & Marcucci 1991, pI. I, fig. 19.

EmiIuvia sedecimporata (ROST) 1885
PI. 4, fig. 4

Stallrosphaera sedecimporata RUST
Riisl 1885, p. 288, pI. 28(3), Jig. l.

Stallrosphaera sedecimporata RUST var. elegans WISNIOWSKI
Wisniowski 1889, p. 683, pI. 13, fig. 48.
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Emilllvia sedecimporata elegans (WISNIOWSKI)

Baumgartner 1984, p. 763, pI. 3, tig. 2.

Ozvoldova 1988, pI. 1, tig. 7.

Widz 1991, p. 246, pI. 1, tig. 26.

Emilllvia sedecimporata (ROST)

OZvoldova & Sykora 1984, p. 264, pI. 3, tigs. 5, 7.

Sehaaf 1984, p. 152-153, fig. 8.

De Wever et al. 1986b, pI. 6, tig. 20.

Danelian 1989, p. 152, pI. 4, tig. 14-15.

Remarks: See remarks under E. ordinaria

OZVOLDOVA.

Emiluvia splendida CARTER, in Carter et al. 1988
PI. 4, fig. 12

Emilllvia splendida CARTER

Carter et al. 1988, p. 35, pI. 16, tigs. 5, 11.

Kito 1989, p. 113, pI. 6, tigs. 13, 17.

Emilllvia sp. 2

Kito 1989, p. 115, pI. 6, tigs. 14-16, 18-19; pI. 7, tig. 2.

Genus: Eucyrtidiellum BAUMGARTNER 1984

Type species: Eucyrtidium (?) unumaensis YAO 1979

* Eucyrtidiellum nodosum WAKITA 1988
PI. 9, fig. 7

Eucyrtidillm 7 sp. B
Ishida 1983, pI. 9, tig. 8.

ElIcyrtidiellllm sp.

Baumgartner 1985, Fig. 38m.

ElIcyrtidiellllm sp. aff. E. lInllmaense (YAO)

Matsuoka 1986e, pI. 2, fig. 9, pI. 3, tig. 10.

ElIcyrtidiellllm sp. d
Nagai 1987, pI. 3, figs. 4a-e.

Eucyrtidiellllm nodosum WAKITA

Nagai 1988, pI. I, tig. 5; pI. 2, tig. 6.

Wakita 1988, p. 408, pI. 4, fig. 29; pI. 5, fig. 16.

Matsuoka 1990, pI. 2, tig. 8.

Matsuoka 1992, pI. 4, fig. 10.

EucyrtidieIlum ptyctum (RIEDEL & SANFILIPPO) 1974
PI. 9, figs. 1-2

Eucyrtidillm ptyctum RIEDEL & SANFILIPPO

Riedel & Santilippo 1974, p. 778, pI. 5, fig. 7; pI. 12, fig.

14, non fig. 15.

Baumgartner & Bernoulli 1976, p. 617, pI. lIe, g, non f

Baumgartner et al. 1980, p. 53, pI. 3, fig. 13.

Aita 1982, pI. 2, figs. 8, 9a,b, non fig. 10.

Nishizono et al. 1982, pI. 2, fig. 12.

Yao 1984, pI. 2, fig. 30.

Santilippo & Riedel 1985, p. 618, fig. 12.4b, 4d,7

figs. 4a, 4c.
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ElIcyrtidillm (7) ptyctllm RIEDEL & SANFILIPPO

Pessagno I977a, p. 94, pI. 12, fig. 7.

Mizutani 1981, p. 182, pI. 64, figs. Ia,b, 2.

Adachi 1982, pI. 3, figs. 7, 8.

Aoki & Tashiro 1982, pI. 3, figs. 1-3; pI. 4, tig. 10.

Okamura & Uto 1982, pI. 6, fig. 18.

Mizutani et al. 1982, p. 57, pI. 4, fig. 5.

Ishida 1983, pI. 9, fig. 4.

Yamamoto 1983, pI. 1, fig. 4.

Aita 1985, fig. 7.14.

Matsuoka & Yao 1985, pI. 2, fig. 8.

Tanaka et al. 1985, pI. I, fig. 16.

Aita & Okada 1986, p. 109, pI. 6, figs. 14-17; pI. 7,

figs. 3a,b.

Matsuoka & Yao 1986, pI. 2, fig. 10.

Iwata & Tajika 1989, pI. 5, fig. I.

Matsuoka 1992, pI. 4, fig. 9.

ElIcyrtidium 7ptyctllm RIEDEL & SANFILIPPO

Dumitrica & Mello 1982, pI. 3, fig. 10, non fig. 9.

Nishizono & Murata 1983, pI. 4, fig. 7.

"ElIcyrtidium " ptyctllm RIEDEL & SANFILIPPO

Pessagno et al. 1984, p. 30, pI. 4, figs. 12-14.

ElIcyrtidiellllm ptyctwn (RIEDEL & SANFILIPPO)

Baumgartner 1984, p. 764, pI. 4, figs. 1-3.

Baumgartner 1985, Fig. 38.1.

Matsuoka 1986c, pI. 2, fig. 10.

Nagai 1986, p. 14, pI. 2, fig. 7.

Aita 1987, p. 65, pI. 4, figs. 12a,b; pI. 10, fig. 14; pI. 14,

fig. 3.

Nagai 1987, pI. 3, figs. 5a-e, 6.

Kawabata 1988, pI. 2, fig. 12.

Nagai 1988, pI. 2, figs. 4a,b.

Wakita 1988, pI. 4, fig. 28; pI. 5, fig. 17.

Kojima 1989, pI. 2, figs. 7a,b.

Nagai & Mizutani 1990, p. 595, figs. 3.5a,b.

Yao 1991, pI. 4, fig. 15.

Mizutani & Kojima 1992, PI. 1, figs. 7a, 7b.

Sano et al. 1992, pI. 2, fig. K.
ElIcyrtidiellllm cf. ozaiense (AITA)

Widz 1991, p. 246, pI. 1, fig. 23.

Eucyrtidiellum pyramis (AnA), in Aita & Okada 1986
PI. 9, figs. 3-4

ElIcyrtidillm sp.

Nishizono et al. 1982, pI. 2, fig. 11.

ElIcyrtidillm (7) sp.

Aoki 1982, pI. 2, fig. 20.

ElIcyrtidillm (7) ptyctllm RIEDEL & SANFILIPPO

Okamura 1980, pI. 20, fig. 10.

Matsuyama et al. 1982, pI. 1, fig. 4.

ElIcyrtidium sp. C

Nishizono & Murata 1983, pI. 4, fig. 12.

ElIcyrtidium (7) pyramis AITA

Aita & Okada 1986, p. 109, pI. 6, figs. 8-13; pI. 7, tigs.la,b.

ElIcyrtidillm (7) ozaiense AITA



Aita& Okada 1986, p. 109, pI. 6, figs. 1-5; pI. 7, figs. 2a,b.

Eucyrtidiellum ozaiense (AlTA)
Nagai 1986, p. 16, pI. 2, fig. 8.

Aita 1987, p. 65, pI. 14, fig. 1.

Eucyrtidiellum pyramis (AITA)
Aita 1987, p. 65, pI. 14, fig. 2.

Kawabata 1988, pI. 2, fig. 13.

Nagai 1988, pI. 2, fig. 7.

Wakita 1988, pI. 6, figs. 21, 22, 23.

Sano et aI. 1992, pI. 2, fig. L.
Eucyrtidiellum sp. aff. E. pyramis (AlTA)

Wakita 1988, pI. 6, fig. 24.

Remarks: Specimens with a nodose thorax are also
included under this species. Eucyrtidiellum ozaiense
(AITA) is treated as a synonym of E. pyramis (AITA).

Eucyrtidiellum (?) quinatum TAKEMURA 1986
PI. 9, figs. 8-12

Eucyrtidium (7) sp. A
Kishida & Sugano 1982, pI. 7, fig. 13.

Eucyrtidium (7) sp. C

Kishida & Sugano 1982, pI. 8, fig. 20.

Eostichomitra 7 sp.

Kishida & Sugano 1982, pI. 10, figs. 15, 16.

Stichocapsa sp. aff. S. japonica YAO

Baumgartner 1984, p. 786, pI. 8, fig. 20.

Baumgartner 1985, Fig. 37k.

non Carter et aI. 1988, p. 62, pI. 15, fig. 7.

Hori 1990, fig. 9.50.

Eucyrtidiellum quinatum TAKEMURA

Takemura 1986, p. 67, pI. 12, figs. 16-18.

Hattori 1988a, pI. 9, fig. A.

Hattori & Sakamoto 1989, pI. 9, figs. L, M; pI. 10, fig. A.

Eucyrtidiellum 7 sp.

Takemura 1986, p. 68, pI. 12, fig. 19.

Eucyrtidiellum afT. quinatum T AKEMURA

Hattori 1987, pI. 12, figs. 18, 19.

Eucyrtidiellum sp.

Yao 1991, pI. 2, fig. 21.

7 Stichocapsa japonica YAO

Pessagno et aI. 1993, p. 160, pI. 8, fig. 23.

Remarks: Included are also specimens with only four
segments, if the last segment has a nodose surface (pI. 9,
figs. 8, 11).

Typical Eucyrtidiellum quinatum (pI. 9, figs. 9, 10)
as described by Takemura (1986) coexists with forms
showing a roughly nodose outer layer on the terminal
segments (pI. 9, figs. 11, 12). Thickening of the shell
wall is considered to be an onthogenetic feature.

Eucyrtidiellum unumaense (YAO) 1979
PI. 9, figs. 5-6

Eucyrtidium ptyctum RIEDEL & SANFILlPPO

Riedel & Sanfilippo 1974, pI. 12, fig. 15 (only).

Baumgartner & Bemoulli 1976, fig. 11 f (only).

Eucyrtidium (7) unumaensis YAO

Yao 1979, p. 39, pI. 9, figs. 1-11.

Koeher 1981, p. 67, pI. 13, fig. 15.

Hattori & Yoshimura 1982, pI. 4, fig. I.

Kido et a!. 1982, pI. 4, fig. 9.

Kojima 1982, pI. 1, fig. 11.

Matsuoka 1982b, pI. I, fig. 15.

Sashida et aI. 1982, pI. 2, fig. 3.

Wakita 1982, pI. 3, fig. I.
Yao et aI. 1982, pI. 3, fig. 7.

Wakita & Okamura 1982, pI. 8, fig. 7.

Eucyrtidium sp.

Sashida et aI. 1982, pI. 1, fig. 3.

Eucyrtidiellum unumaensis (YAO)

Baumgartner 1984, p. 765, pI. 4, fig. 6.

Yamamoto et a!. 1985, p. 35, pI. 4, fig. 6.

Nagai 1986, p. 13, pI. 1, figs. I a-e; pI. 2, fig. 1.

Takemura 1986, p. 67, pI. 12, figs. 10-12.

Gorican 1987, p. 182, pI. 3, figs. 9, 10.
Nagai 1988, pI. 2, tig. I a,b.

Wakita 1988, pI. 3, fig. 15, pI. 4, fig. 25.

Hattori 1987, pI. 12, fig. 7.

Hattori 1988a, pI. 8, fig. 1.
Hattori 1989, pI. 28, fig. F.

Eucyrtidium (7) unumaense YAO

Mizutani et aI. 1984, pI. I, fig. 8.

Aita 1985, figs. 7.15-16.

Matsuoka 1985, pI. I, fig. 9.

Eucyrtidiellum unumaense (YAO)

Nagai 1987, pI. 2, figs. la-c.

Kojima 1989, pI. 2, tigs. 5a,b.

Nagai 1989, pI. 1, tigs. la-4e; pI. 2, figs. la-6d; pI. 3,

tigs. 2a-6b; pI. 4, tigs. la-3, 6a,b.

Matsuoka 1990, pI. 1, fig. 8, pI. 2, fig. 7.

Nagai & Mizutani 1990, p. 579, figs. 4.6-7.

Yao 1991, pI. 3, fig. 6.

Sano et aI. 1992, pI. 2, fig. 1.
Monosera unumaensis (YAO)

Takemura & Nakaseko 1986, p. 1022, fig. 4.8 only.

Eucyrtidiellum pustulatum BAUMGARTNER

Baumgartner 1984, p. 765, pI. 4, figs. 4-5.

Baumgartner 1985, Fig. 43b.

Yamamoto et aI. 1985, p. 35, pI. 4, tigs. 4, 5.

Nagai 1986, p. 14, pI. 2, fig. 2.

Aita 1987, p. 65, pI. 4, figs. 13a-14b; pI. 10, tigs. 15-16.

Nagai 1987, pI. 2, tigs. 2a-e, 3a,b, 4a,b.

Nagai 1988, pI. 2, tigs. 2a,b.

Wakita 1988, pI. 4, tigs. 26-27.

Nagai & Mizutani 1990, p. 597, figs. 4.1 a-5e.

Eucyrtidium (7) unumaense YAO

Aita 1985, fig. 7.15-16.

Eucyrtidiellum sp. A

Baumgartner 1985, Fig. 43e.
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Remarks: Specimens with an entirely smooth abdo
men were found together with specimens exhibiting a
different degree of nodosity. Eucyrtidiellum unumaense
(YAO) and E. pustulatum BAUMGARTNER are therefore
considered as one species. E. nodosum WAKITA is
treated separately.

Genus: Gigi DE WEVER 1982a

Type species: Gigijustis DE WEVER 1982a

* Gigi fustis DE WEVER 1982a
PI. 16, figs. 11-13

Gigijustis DE WEVER

De Wever 1982a, p. 195, pI. 4, figs. 1-8.

De Wever 1982b, p. 340, pI. 57, figs. 1-6, 12.

De Wever & Origlia 1982b, pI. I, fig. F.

* Gigi (?) sp. A
PI. 16, figs. 14-15

Remarks: Test consisting of two segments. Thorax
large, inflated, terminating with a short closed inversely
conical tube. Thoracic wall of polygonal pore frames.
Final tube covered by irregularly dispersed, small, gen
erally closed circular pores.

This species is questionably assigned to Gigi be
cause of the thoracic pore structure.

Gigi (?) sp. A differs from Syringocapsa sp. B of
YAO (1982) by its smooth final tube.

Genus: Gongylothorax FOREMAN 1968, emend.
DUMITRICA 1970

Type species: Dicolocapsa verbeeki TAN 1927

* Gongylothorax sp. aff. G. favosus DUMITRICA 1970
PI. 13, figs. 9a-e, lla-e

Gongylothorax javosus DUMITRICA

aff. Dumitrica 1970, p. 56, pI. I, figs. I a-c, 2.

Matsuoka 1986c, pI. 2, fig. 5, pI. 3, fig. 9.

Gongylothorax (?) sp. indet.

Aoki & Tashiro 1982, pI. 4, figs. 16a,b.

Gongylothorax sp. aff. G. javosus DUMITRICA

Matsuoka 1992, pI. 4, fig. 5.

Remarks: In comparison with the type material of
Dumitrica (1970) this morphotype has a more elongated
general shape with a larger cephalis and an ellipsoidal
thorax. In addition, the sutural pore is composed of three
small pores, situated in a distinct depression.

Typical fmms of G. javosus have not been found in
the material studied.
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Genus: Gorgansium PESSAGNO & BLOME 1980

Type species: Gorgansium silviesense PESSAGNO &
BLOME 1980.

* Gorgansium gongyloideum KISHIDA & HISADA 1985
PI. 1, fig. 6

Gorgansium gongyloideum KISHIDA & HISADA

Kishida & Hisada 1985, p. 116, pI. I, figs. 21-22.

Kishida & Hisada 1986, Fig. 4.4.

Hori 1990, pI. I, fig. 6.

Genus: Guexella BAUMGARTNER 1984

Type species: Lithocampe nudata KOCHER 1981

Guexella nudata (KOCHER) 1981
PI. 9, figs. 17-19

Lithocampe nudata KOCHER

Baumgartner et al. 1980, p. 55, pI. 6, fig. 3.

Kocher 1981, p. 75, pI. 14, figs. 18-19.

Lithocampe (?) nudata KOCHER

Yao et al. 1982, pI. 4, figs. 1-2.

Matsuoka 1982b, pI. 2, figs. 1-2.

aff. Aita 1982, pI. I, fig. 19a-c.

Matsuoka 1983, p. 27, pI. 9, figs. 12-14.

Yao 1984, pI. 2, fig. I.
Aita 1985, fig. 7.17.

Matsuoka & Yao 1986, pI. 2, fig. 3, pI. 3, fig. 17.

Guexella nudata (KOCHER)

Baumgartner 1984, p. 766, pI. 5, figs. 5-7.

Yamamoto et al. 1985, p. 35, pI. 4, fig. 7.

Matsuoka 1986c, pI. 3, fig. 15a,b.

Kishida & Hisada 1986, Fig. 8. 3.

Aita 1987, p. 65, pI. 5, figs. 5a-6b; pI. 10, fig. 17.
Matsuoka 1988, pI. I, fig. 9.

Wakita 1988, pI. 3, fig. 13.

Danelian 1989, p. 167, pI. 5, fig. 3.

Matsuoka 1990, pI. I, fig. 9.

Yao 1991, pI. 3, fig. I.
Maate et al. 1993, Fig. 3.13.

Gongylothorax sakawaensis MATSUOKA

Matsuoka I 982a, p. 74, pI. I, figs. 1-10.

Matsuoka 1982b, pI. 3, figs. 1-2.

Yao et al. 1982, pI. 4, figs. 8-9.

Matsuoka 1983, p. 14, pI. I, fig. 4, pI. 5, figs. 7a,b.

Yao 1984, pI. 2, figs. 19-20,23.

Matsuoka & Yao 1986, pI. 2, fig. 4, pI. 3, fig. 10.

Aita 1987, p. 65, pI. 5, figs. 2a-3b.

Wakita 1988, pI. 4, fig. 14.

Yao 1991, pI. 4, fig. 7.

Matsuoka 1992, pI. 5, fig. 2.

Remarks: Gongylothorax sakawaensis MATSUOKA is
synonymized with Guexella nudata (KOCHER). The



preservation of our material does not allow a transmitted
light study to determine the number of segments.

Similar but much longer forms (Guexella aff.
nudata, pI. 9, fig. 16) were found in the upper Bajocian.

Hagiastrid gen. indet. spp.
PI. 5, figs. 1-2

Remarks: Strong external beams connected with di
agonally arranged cortical bars forming two rows of al
ternating pores between adjacent beams. Only single
rays were found in our material, the generic assignment
is thus not possible.

Distally the rays bifurcate ending with two long
strong spines, perforated at the base. A flat diverging
spatula, perpendicular to the plane of spines, arises from
each side of the ray at the point of bifurcation.

The spines can be rather straight, consisting of
rounded ridges alternating with deep grooves (pI. 5, fig. I).
With some specimens they are curved, flattened, more
sharply bladed, with a central ridge running from the
base to the spine-tip (pI. 5, fig. 2).

This hagiastrid rarely occurs, different species have
not been distinguished.

Genus: Hemicryptocapsa TAN 1927, emend.
DUMITRICA 1970

Type species: HemiClyptocapsa capita TAN 1927

Hemicryptocapsa capita TAN 1927
PI. 12, figs. 3-5

Hemicryptocapsa capita TAN
Tan 1927, p. 50, pI. 9, fig. 67.

non Dumitrica & Mello 1982, pI. 3, fig. 3.

Okamura & Uto 1982, pI. 2, fig. 20, pI. 6, fig. 4.

19o et al. 1987, Fig. 2.12.

Kito 1987, pI. 2, fig. 7.

Tumanda 1989, p. 37, pI. 6, fig. 8, pI. 10, fig. 9

Aguado et al. 1991, Fig. 7.16, 20.

Matsuoka 1992, pI. 1, fig. 3.

Hemicryptocapsa spp. cf. H. capita TAN SIN HOK

Riedel & Sanfilippo, 1974, p. 779, pI. 6, figs. 2, 3, non

figs. 1,4.

Foreman 1975, p. 618, pI. 21, fig. 20, non fig. 18.

Nakaseko et al. 1979, pI. 2, figs. 8, 9.

Nakaseko & Nishimura 1981, p. 153, pI. 4, fig. 5; pI. 14,

fig. 7.

Hemicryptocapsa cf. capita TAN SIN HOK

SuyarI 1986, pI. 4, fig. 3

Remarks: Specimens with a nodose surface are ex
cluded from the synonymy.

Hemicryptocapsa capita TAN differs from Syringo
capsa agolarium FOREMAN (1973, p. 268, pI. 11, fig. 5;

pI. 16, fig. 17) and from Williriedellum sp. A sensu
MATSUOKA by having a large sutural pore.

Hemicryptocapsa polyhedra DUMITRICA 1970
PI. 14, figs. 7-8

Hemicryptocapsa polyhedra DUMITRICA

Dumitrica 1970, p. 72, pI. 14, figs. 85a-e.

non Nakaseko et al. 1979, pI. 5, fig. 9.

non Nakaseko & Nishimura 1981, p. 153, pI. 4, fig. 2; ?

pI. 14, fig. 5.

Yamauchi 1982, pI. 2, fig. 1.

Mat·cucci Passerini & Gat'din 1992, Fig, 3f, 3g.

Remarks: See remarks under H. prepolyhedra
DUMITRICA.

Hemicryptocapsa prepolyhedra DUMITRICA 1970
PI. 14, fig. 4, 9

Hemicryptocapsa prepolyhedra DUMITRICA

Dumitrica 1970, p. 71, pI. 13, figs. 80a-e, 81, 82, 83a,b, 84;

pI. 20, fig. 131.

Matsuyama et al. 1982, pI. 2, fig. 8.

Remarks: The polygonal structure of Hemicrypto
capsa prepolyhedra DUMITRICA is made of rounded,
pore-bearing rims, while it consists of sharp ridges with
H. polyhedra DUMITRICA. Both species coexist (sample
UPC 35). Transitional forms are illustrated in pI. 14,
figs. 5, 6.

Hemicryptocapsa sp. A
PI. 14, figs. I, 2a,b, 3

Hemicryptocapsa polyhedra DUMITRICA

Nakaseko et al. 1979, pI. 5, fig. 9.

Nakaseko & Nishimura 1981, p. 153, pI. 4, fig. 2; ?

pI. 14, fig. 5.

Remarks: Cephalo-thorax almost entirely encased in
the inflated abdomen. The abdominal surface made of
irregular polygonal facets, two to six pores present per
facet. Sutural pore and aperture always present, both
situated in a circular depression.

The presence of a thorax is assumed on the basis of
the external similarity to Hemicryptocapsa polyhedra
DUMITRICA and H. prepolyhedra DUMlTRICA. The inner
structure was not observed.

HemiClyptocapsa sp. A differs from H. prepolyhe
dra and H. polyhedra by more irregularly arranged
ridges. Less pores are present per facet.

Genus: Hexasaturnalis KOZUR & MOSTLER 1983

7)lpe species: Spongosaturnalis ? hexagonus YAO, 1972

Hexasaturnalis tetraspinus (YAO) 1972

Spongosaturnalis ? tetraspinus YAO
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Yao 1972, p. 29, pI. 4, figs. 1-6; pI. 11, figs. 1-2.

Wakita 1982, pI. 4, fig. 12.

Mesosaturnalis tetraspinus (YAO)

Gorican 1987, p. 184, pI. 3, fig. 1.

Yao 1991, pI. 3, fig. 24.

Acanthocircus tetraspinus YAO

Hattori 1988a, pI. 2, fig. B.

Hexasaturnalis hexagonus (YAO)

Grill & Kozur 1986, pI. 2, fig. 5.

Mesosaturnalis hexagonus (YAO)

Carter et a!. 1988, pI. 47, pI. 9, figs. 11,12.

Mesosaturnalis squinaboli
Carayon et al. 1984, pI. I, fig. 2.

Mesosaturnalis tetraspinus (YAO)

Carter & lakobs 1991, p. 343, pI. 2, fig. 16.

Hexasaturnalis tetraspinus (YAO)

Tonielli 1991, p. 23, pI. I, fig. 5.

Genus: Higumastra BAUMGARTNER 1980

Type species: Higllmastra injlata BAUMGARTNER 1980

Higumastra imbricata (OZVOLDOVA) 1979
PI. 5, fig. 13

erucella (?) imbricata OZVOLDOVA

Ozvoldova 1979, p. 254, pI. 3, figs. I, 4.
Higumastra imbricata (OZVOLDOVA)

Kocher 1981, p. 71, pI. 14, fig. 8.

Baumgartner 1984, p. 767, pI. 4, fig. 13.

De Wever & Miconnet 1985, p. 387, pI. I, fig. 10.

Aita 1987, p. 64, pI. 8, fig. 10.

Ozvoldova & Petercakova 1987, p. 119, pI. 32, figs 6, 8.

Danelian 1989, p. 157, pI. 5, fig. 6.

Kito 1989, p. 134, pI. 13, fig. I.

Yang& Wang 1990, p. 199, pI. 2, fig. 15.

Conti & Marcucci 1991, pI. 2, fig. 8.

non Steiger 1992, p. 43, pI. 10, fig. 4.

Pessagno et al. 1993, pI. 3, figs. 23, 24.

Higumastra sp. A

Ishida 1983, pI. 11, fig. 1.

Higumastra sp.
Yamamoto et al. 1985, pI. 4, figs. 8a,b.

Higumastra aff. imbricata OZVOLDOVA

Kishida & Hisada 1986, Fig. 2. 24.

Genus: Holocryptocanium DUMITRICA 1970

Type species: HO!Oclyptocanillm tllbercll!atllm
DUMITRICA 1970

* Holocryptocanium barbui DUMITRICA 1970
PI. 14, figs. 10 a,b, 13 a,b, 14 a,b

HoloClyptocaniulll barbui DUMITRICA

Dumitriea 1970, p. 76, pI. 17, figs. 105-108b, pI. 21,

fig. 136.
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Dumitrica 1975, text-fig. 2, fig. 1.

Foreman 1975, p. 618, pI. IF, fig. 9; pI. 6, fig. 13.

Pessagno I977b, p. 40, pI. 6, fig. 18.

Nakaseko et. al. 1979, pI. 5, fig. 6.

Okamura 1980, pI. 21, fig. 2.

Sehaaf 1981, p. 435, pI. 2, fig. la,b; pI. 10, fig. 6a,b.

Matsuyama et a!. 1982, pI. 2, fig. 5

Taketani 1982a, p. 67, pI. 7, figs. la,b; pI. 13, figs. 18, 19.

Taketani 1982b, pI. I, fig. 5

Yamauehi 1982, pI. I, fig. I

Murata et al. 1982, pI. 2, fig. 5.

Baumgartner 1984, p. 768, pI. 4, fig. 14

Yao 1984, pI. 5, fig. I

Sanfilippo & Riedel 1985, p. 614, Figs. 12.2a-e.

Kito 1987, pI. 2, fig. 11.

Thurow 1988, p. 401, pI. 5, figs. 5-8.

Kato & lwata 1989, pI. 4, fig. 10, pI. 8, fig. 5.

Tumanda 1989, p. 37, pI. 7, figs. 20-21.

OZvoldova I990a, p. 142, pI. 6, figs. 1-6.

Taketani & Kanie 1992, Fig. 3.16.

Holocryptocanium barbui barbui DUMITRICA

Nakaseko & Nishimura 1981, p. 153, pI. 3, figs. 1-4.

Holocryptocaniumjaponicum NAKASEKO & NISHIMURA

Nakaseko et al. 1979, pI. 5, figs. 8, 10

Okamura 1980, pI. 21, fig. 5

Aoki 1982, pI. 4, fig. 15.

Taketani 1982a, p. 67, pI. 7, figs. 2a,b, 3; pI. 13, fig. 21.

Yamauehi 1982, pI. I, fig. 2

Holoclyptocanium barbui japonicum NAKASEKO &
NISHIMURA

Nakaseko & Nishimura 1981, p. 154, pI. 3, figs. 5-7b,

pI. 14, fig. 10.

HoloClyptocanium sp.

Okamura & Uto 1982, pI. 4, fig. 3, 4.
Suyarl 1986, pI. 4, fig. 9.

Holoclyptocaniulll cf. barbui DUMITRICA

Gorican 1987, p. 183, pI. 3, fig. 17.

Holocryptocanium sp. C
Thurow 1988, p. 402, pI. 8, fig. 21.

Remarks: HO!OClyptocanillm barblli DUMITRICA is
not included in the zonation, because of its long strati
graphic range. It is especially frequent in the Bijela Ra
diolarite. Morphotypes with a smooth surface and po
lygonal pore frames generally coexist.

Genus: Homoeoparonaella BAUMGARTNER 1980

Type species: Paronaella e!egans PESSAGNO 1977a

Homoeoparonaella argolidensis BAUMGARTNER 1980
PI. 6, figs. 4-5

I-Iagiastrid ef. Amphibracchium sp.

Baumgartner & Bernoulli 1976, fig. 10h.

Homoeoparonaella argolidensis BAUMGARTNER



Baumgartner 1980, p. 288, pI. 2, figs. I, 8-12; pI. I I, fig. 4.

Kocher 1981, p. 71, pI. 14, fig. 10.
Baumgartner 1984, p. 768, pI. 4, fig. 15.

De Wever et al. 1986b, pI. 8, figs. 5-7.
DaneIian 1989, p. 158, pI. 5, figs. 7-8.

Kito 1989, p. 125, pI. 8, fig. 15.
OZvoldova 1990b, pI. 4, fig. 2.
Widz 1991, p. 247, pI. 2, fig. 5.

Steiger 1992, p. 41, pI. 9, figs. 3, 4.
Homoeoparonaella sp. cf H argolidensis BAUMGARTNER

Baumgminer 1980, pI. 2, fig. 7.
Tritrabs ewingi (PESSAGNO)

Conti & Mm'cucci 1991, pI. 4, fig. 9.

* HomoeoparonaeIIa elegans (PESSAGNO) 1977a
PI. 6, fig. 8

Paronaella elegans PESSAGNO
Pessagno 1977a, p. 70, pI. 1, figs. 10-1 I.

Homoeoparonaella elegans (PESSAGNO)
Baumgartner 1980, p. 289, pI. 2, figs. 2-6; pI. 11, fig. 6.
Kocher 1981, p. 72, pI. 14, fig. I I.
Baumgartner 1984, p. 768, pI. 4, fig. 16.

Danelian 1989, p. 159, pI. 5, figs. 9-10.
Kito 1989, p. 126, pI. 9, figs. 12-16.
Widz 1991, p. 247, pI. 2, fig. 6.
Steiger 1992, p. 42, pI. 9, figs. 5, 6.

Genus: Hsuum PESSAGNO 1977a, emend. TAKEMURA
1986

Type species: Hsuum cuestaensis PESSAGNO 1977a

Hsuum matsuokai ISOZAKI & MATSUDA 1985
PI. 19, figs. 9,11-13

Hsuum sp. C
Hattori & Yoshimura 1982, pI. 3, fig. 8.

Hsuum sp. B
Kishida & Sugano 1982, pI. 7, figs. 14-16.

unnamed nasseIIaria
Wakita & Okamura 1982, pI. 7, fig. 3.

Hsuum sp.
Yao 1984, pI. I, figs. 6, 7.
Matsuoka 1986a, pI. 2, figs. 1,2, 3.

Hsuum (7) malsllokai ISOZAKI & MATSUDA

Isozaki & Matsuda 1985, p. 438, pI. 3, figs. 1-14.
Nagai 1988, pI. I, fig. 9.
Sashida 1988, p. 19, pI. 4, figs. 16-18.

non Hattori 1988a, pI. 13, fig. E.
Hattori & Sakamoto 1989, pI. 16, fig. I.

HSllUI11 l11axwelli PESSAGNO
De Wever & Miconnet 1985, pI. 4, fig. 3.

Hsuum pril11ul11 TAKEMURA
Takemura 1986, p. 50, pI. 5, figs. 17-2 I.
Hattori 1987, pI. 17, figs. 11-13, non Jigs. 8-9.

Hattori & Sakamoto 1989, pI. 15, figs. I, .I.

HSUlll11 aff I11claughlini PESSAGNO & BLOME
Gorican 1987, p. 183, pI. 2, fig. I I.

7 Hsuul11 (7) malsuokai

non Hattori 1988b, pI. 4, fig. E.

HSUlll11 l11alsllokai ISOZAKI & MATSUDA
Sashida 1988, p. 19, pI. 4, figs. 16-18.
DaneIian 1989, p. 160, pI. 5, fig. 12.
Kito 1989, p. 179, pI. 21, figs. 1-4, 18.
Yao 1991, pI. 2, fig. 18.

Ogivus falloli EL KADIRI
El Kadiri 1992, p. 46, pI. 2, figs. 3, 4.

Hsuum mcIaughlini PESSAGNO & BLOME gr., in
Pessagno et al. 1984

PI. 19, figs. 1-5

HSllllm mclaughlini PESSAGNO & BLOME
PessagnoetaI.I984,p.25,pl.l,figs.I-4, 12, 13, 17.

Prolllnuma sp. B
Steiger 1992, p. 90, pI. 27, fig. 6 only.

Remarks: A large variety of morphotypes, differing
in size and outline are included. They are characterized
by a thick irregular latticed structure on the proximal
part. Straight continuous costae develop distally. The
costate portion of the test is slightly inflated. The apical
hom is small, circular in cross-section.

Hsuum mclaughlini gr. greatly resembles Hsuum a/
tile HORI & OTSUKA (1989, p. 180. pI. I, figs. 1-6). It is
reported from the Zone 4 of Pessagno et al. (1987), it
makes its first appearance in the Kimmeridgian in our
sections while H. a/tile has not been found above the
Aalenian (Hori, 1990).

Representatives of Hsuum with staggered costae
along the entire test (pI. 19, figs. 6-8) coexist in the
Kimmeridgian.

Genus: Katroma PESSAGNO and POISSON 1981, emend.
DE WEVER 1982a

Type species: Katroma neagui PESSAGNO & POISSON
1981

* Katroma spp.
PI. 16, figs. 9-10

Genus: Laxtorum BLOME 1984

Type species: Laxtorum hindei BLOME 1984

Laxtorum (?) jurassicum ISOZAKI & MATSUDA 1985
PI. 23, figs. 12-13

Spongocapsllla (7) sp. C

Yao et '11. 1982, pI. 3, fig. 2.

Spongocapsula sp. C
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Yao 1984, pI. I, fig. 3, non figs. 4, 5.

Spongocapsula 7 sp. A

Kishida & Sugano 1982, pI. 8, figs. 1,2,37,4,5-77.

Sato et al. 1986, Fig. 17.9.

Laxtorum (7)jurassicum ISOZAKI & MATSUDA

Isozaki & Matsuda 1985, p. 435, pI. I, figs. 1-15.

Matsuoka& Yao 1986, pI. I, fig. 6, pI. 3, fig. 3.

Hattori 1987, pI. 17, fig. 7.

Nagai 1988, pI. I, fig. 6.

Sashida 1988, p. 24, pI. 4, figs. 11-15.

Hori 1990, fig. 9.51.

Yao 1991, pI. 2, fig. 17.

Genus: Linaresia EL KADlRI 1992

Type species: Linaresia beniderkoulensis EL KADIRI

1992

Linaresia chrafatensis EL KADlRI 1992
PI. 19, fig. 10

Eucyrtid gen et sp. indet.

Baumgmtner 1984, p. 763, pI. 3, figs. 13-16.

Baumgmtner 1985, fig. 37n.

Gorican 1987, p. 182, pI. 2, fig. 9.

Canutus sp.

De Wever et al. 1985, pI. I, figs. 9-11.

Hsuum sp. A

Takemura 1986, p. 50, pI. 5, fig. 22.

Danelian 1989, p. 161, pI. 5, figs. 14-16.

Linaresia chrafatensis EL KADIRI

El Kadiri 1992, p. 44, pI. I, figs. 6-8,14.

Ogivus rifensis EL KADIRI

El Kadiri 1992, p. 47, pI. 2, figs. 1,5,7.

Genus: Mirifusus PESSAGNO 1977a, emend.
BAUMGARTNER 1984

Type species: Mirifusus guadalupensis PESSAGNO

1977a

Mirifusus chenodes (RENZ) 1974
PI. 24, figs. 9-10

Lithocampe chenodes RENZ

Renz 1974, p. 793, pI. 7, fig. 30; pI. 12, fig. 14a-d.

Riedel & Sanfilippo 1974, p. 779, pI. 6, figs. 5-7; pI. 13,

fig. I.

Schaaf 1981, p. 435, pI. 5, fig. 2, pI. 25, figs. 5a,b, 7.

Kocher 1981, p. 74, pI. 74, pI. 14, fig. 17.

Aita & Okada 1986, pI. 2, fig. 12.

Kato & Iwata 1989, pI. I, fig. 3.

Mirifusus chenodes (RENZ)

Baumgartner 1984, p. 770, pI. 5, figs. 9, 15.

Schaaf 1984, 98-99, figs. 1,2, 3a,b, 4a,b.

non De Wever & Miconnet 1985, p. 387, pI. 5, figs. 1-2.
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De Wever et al. 1986b, pI. 9, fig. 8.

Pavsic & Gorican 1987, p. 25, pI. 4, fig. 6.

OZvoldova 1988, pI. 6, fig. 6.

Tumanda 1989, p. 38, pI. I, fig. 15.

Ozvoldova & Petercakova 1992, pI. 3, fig. 3.

Baumgartner 1992, p. 321, pI. 7, figs. 6, 7.

Matsuoka 1992, pI. I, fig. 6.

Taketani & Kanie 1992, Fig. 4.1-2.

Mirifusus dianae (KARRER) 1867 s.l.

Lagena dianae KARRER

Karrer 1867, p. 365, pI. 3, fig. 8a,b.

Mirifusus mediodilatata (ROST)

Nakaseko & Nishimura 1981, p. 155, pI. 8, fig. 15.

Minfusus baileyi PESSAGNO

Okamura & Uto 1982, pI. 7, fig. 3.

Ishida 1983, pI. 5, fig. 7-8b.

Yamamoto 1983, pI. 1, figs. I, 2.

Lithocampe mediodilatata ROST

Riedel & Sanfilippo 1974, p. 779, pI. 7, figs. 1-3.

Mirifusus mediodilatatus (RUst)

Aoki & Tashiro 1982, pI. 4, fig. 8.

Murataetal. 1982, pI. I, figs. 11, 14.

Ozvoldova 1990b, pI. 1, fig. 10.

Yao et al. 1982, pI. 4, fig. 30.

Taketani & Kanie 1992, Fig. 4.3-4.

Mirifusus sp.

Okamura & Uto 1982, pI. 7, fig. 7.

Mirifusus dianae (KARRER)

Dumitrica & De Wever 1991, p. 553-557, figs. I, 2a,b.

Remarks: See also synonymy under subspecies. Two
subspecies are distinguished. The morphotype is treated
also in the species level to enable specimens with a
broken-off proximal part to be introduced in the
database.

Mirifusus dianae dianae (KARRER) 1867
PI. 24, figs. 18-19

Lagena dianae KARRER

Karrer 1867, p. 365, pI. 3, fig. 8a,b.

Lithocampe mediodilatata ROST

RUst 1885, p. 316, pI. 40, fig. 9.

MirifilSlls (7) mediodilatata (ROST)

Pessagno 1977a, p. 84, pI. 11, figs. 1-2.

Mirifilsus mediodilatatus (ROST)

Baumgartner et al. 1980, p. 56, pI. 5, Jigs. 9-11.

N ishizono et al. 1982, pI. 3, tig. 10.

Pessagno et al. 1984, p. 26, pI. 2, figs. 4, 5, 18, 19.

Yao 1984, pI. 3, fig. 22.

Sanfilippo & Riedel 1985, p. 608, figs. 710.2a, 1O.2c, non

Jig. 10.2b.

Matsuoka & Yao 1985, pI. 2, fig. 2.

Matsuo ka & Yao 1986, pI. 2. fig. 18.

Aita 1987, p. 65, pI. 12, fig. 7.



Yao 1991, pI. 4, fig. 20.
Sano et al. 1992, pI. 2, fig. I.
Pessagno et al. 1993, p. 142, pI. 7, fig. 13.

Mirifusus mediodilatus mediodilatatus (RUST)

Baumgartner 1984, p. 772, pI. 5, figs. 13, 19.
De Wever et a!. 1986b, pI. 9, fig. 6.

OZvoIdova 1990b, pI. 5, fig. I.
Steiger 1992, p. 64, pI. 18, figs. 1,2.

Mirifusus baileyi PESSAGNO

Pessagno I977a, p. 83, pI. 10, figs. 6-8, pI. 11, figs. 9-11.
Pessagno 1977b, p. 48, pI. 8, figs. I, 8, 9, 26.
Mizutani 1981,p.I77,pI.60,fig.1.
Adachi 1982, pI. I, fig. 1.4.
Pessagno et a!. 1984, p. 26, pI. 2, figs. 1-3, 10, 13, 17,

21-23.
Wakita 1988, pI. 5, fig. IS.

Mirifusus mediodilatus baileyi (PESSAGNO)

Baumgartner 1984, p. 772, pI. 5, figs. 13, 19.

Mirifusus dianae (KARRER)

Dumitrica & De Wever 1991, p. 553-557, figs. I, 2a,b.

Remarks: Mirifilsus baylei PESSAGNO (l977a) IS

synonymized with M dianae dianae (KARRER).

Mirifusus dianae minor BAUMGARTNER 1984
PI. 24, fig. 20

Theoperid gen et sp. indet.
Foreman 1973, pI. 12, fig. 2.

Lithocampe mediodilatata RUST

Riedel & Sanfilippo 1974, p. 779, pI. 7, fig. I only.

Foreman 1975, p. 616, pI. 2K, fig. 2; pI. 6, fig. 17.
Mirifusus mediodilatatus (RUST)

KanieetaI.l981,pl. I, fig. 14.
Schaafl984, p. 122-123, figs. 1-4.
Aita & Okada 1986, pI. 2, fig. I.
Kito 1987, pI. 3, fig. 12.

Igo et a!. 1987, Fig. 2.1.
Kato & Iwata 1989, pI. I, fig. I.
Tumanda 1989, p. 38, pI. I, fig. 14
Matsuoka 1992, pI. I, fig. 5; pI. 2, fig. 5.

Mirifilsus mediodilatatus (RUST) gr.

Sanfilippo & Riedel 1985, fig. I0.2b only.
Mirifilsus mediodilatatus minor BAUMGARTNER

Baumgartner 1984, p. 772, pI. 5, figs. 11, 14.
De Wever et a!. 1986b, pI. 9, fig. 5.
Pavsic & Gorican 1987, p. 26, pI. 4, fig. 5.

Steiger 1992, p. 65, pI. 18, figs. 3, 4.
Mirifilsus baileyi PESSAGNO

Ozvoldova & Sykora 1984, p. 267, pI. 10, fig. 7,3.
Mirifilsus mediodilatatus globosus STEIGER

Steiger 1992, p. 65, pI. 18, figs. 5, 6.

Mirifusus guadalupensis PESSAGNO 1977a
PI. 24, fig. 17

Lithocampe mediodilatata RUST

OZvoIdova 1979, p. 258, pI. 5, fig. 3.
Minfusus guadalupensis PESSAGNO

Pessagno 1977a, p. 83, pI. 10, figs. 9-14.
Baumgartner et a!. 1980, p. 55, pI. 5, figs. 12-14.

Kocher 1981, p. 75, pI. 14, fig. 20.
De Wever & Caby 1981, pI. 2, figs. 2 M, N.

Ishida 1983, pI. 5, figs. 6a,b.
Baumgartner 1984, p. 771, pI. 5, figs. 8, 22.
Pessagno et a!. 1984, p. 26, pI. 2, figs. 12, 16, 24.
Yao 1984, pI. 2, fig. 29.
Baumgm1ner 1985, Fig. 38q.
De Wever et a!. 1986b, pI. 9, fig. 7.
Kishida & Hisada 1986, Fig. 2. 2.
Ozvoldova & Petercakova 1987, pI. 33, figs. 4, 5.

OZvoIdova 1988, pI. 2, fig. 3.
Yang & Wang 1990, p. 218, pI. 3, fig. 8, ?figs. I, 14.
Conti & Marcucci 1991, pI. 2, fig. 12.
Pessagno et al. 1993, p. 140, pI. 6, fig. 9.

Mirifilsus sp. A afI. M fragilis
Conti & Marcucci 1991, p. 802, pI. 2, figs. 13-14, 17-18.

Genus: Mita PESSAGNO 1977b

Type species: Mita magnifica PESSAGNO 1977b

Mita gracilis (SQUINABOL) 1903
PI. 21, figs. 14-17.

Sethoconus gracilis SQUINABOL

SquinaboIl903, p. 131, pI. 10, fig. 13.

Mita magnifica PESSAGNO

Schaaf 1981, p. 435, pI. 6, fig. 10; pI. 24, fig. 13a,b, non
3a,b.

MUa gracilis (SQUINABOL)

Taketani 1982a, p. 60, pI. 5, fig. 2a,b; pI. 12, fig. 3.
Schaaf 1984, p. 110, Ill, figs. 1-3, 4a,b; 5a,b,c.

Gorican 1987, p. 184, pI. 3, figs. 22, 23.
non Thurow 1988, p. 402, pI. 3, fig. 2.

Mita sp. B sensu THUROW 1988
PI. 21, figs. 11-12

Mita sp. B
Thurow 1988, p. 402, pI. 3, fig. 3.

MUa gracilis (SQUINABOL)

Thurow 1988, pI. 3, fig. 2.

* Mita sp. C sensu THUROW 1988
PI. 21, fig. 10

MUa sp. C
Thurow 1988, p. 402, pI. 6, fig. 21.

Remarks: Mita sp. C differs from Mita sp. B by more
irregular arrangement of pores and distinct transverse
bars between costae. Similar large forms with a promi
nent segmentation of the inflated part occur in the upper
Aptian-Iower Albian (pI. 21, fig. 9).
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Genus: Napora PESSAGNO 1977a

Type species: Napora bukryi PESSAGNO 1977a

Napora bukryi PESSAGNO 1977a gr.
PI. 26, figs. 11-12

Napora buklyi PESSAGNO
Pessagno I 977a, p. 94, pI. 12, fig. 8.
Kocher 1981, p. 77, pI. 14, fig. 23.
De Wever & Caby 1981, pI. 2, fig. 2K.
Baumgartner 1984, p. 774, pI. 6, fig. 4.
De Wever et aI. 1986b, pI. I I, fig. 14.
Pessagno et aI. 1986, p. 37, pI. 9, figs. 5,12-14.
Danelian 1989, p. 166, pI. 6, fig. 2.
Widz 1991, p. 247, pI. 2, fig. 21.

Napora lospensis PESSAGNO
Pessagno I 977a, p. 96, pI. 12, figs. 9-10
Baumgartner et aI. 1980, p. 57, pI. 3, fig. 4.
Kocher 1981, p. 78, pI. 14, fig. 25.
Baumgartner 1984, p. 774, pI. 6, fig. 6.
Pessagno et aI. 1984, p. 24, pI. 2, fig. 9.
De Wever et aI. 1986b, pI. I I, figs. 13, 18,22.
Pessagno et a!. 1986, p. 42, pI. 9, fig. I I, 16.
Ozvoldova 1988, pI. 8, fig. 6.

Napora deweveri BAUMGARTNER
Baumgartner et aI. 1980, p. 56, pI. 3, figs. 1-3, 5; pI. 6,

fig. 9.
Kocher 1981, p. 78, pI. 14, fig. 24.
Baumgartner 1984, p. 774, pI. 6, fig. 3.
Danelian 1989, p. 167, pI. 6, fig. 3.
Conti & Mat'cueci 1991, pI. 3, figs. 1-2.

Napora deweveri BAUMGARTNER s.I.
Pessagno et a!. 1986, p. 39, pI. 10, fig. 14.

Napora sp. ef. N. lospensis PESSAGNO
Danelian 1989, p. 168, pI. 6, fig. 4.

Remarks: Forms with a large hemispherical thorax
assignable to Napora lospensis PESSAGNO, N. buklyi
PESSAGNO or N. deweveri BAUMGARTNER are included.
The preservation of the material studied generally does
not allow a distinction among these three species.

Genus: NoviforemaneIla PESSAGNO, BLOME & HULL,
in Pessagno et al. 1993

Type species: Paronaella (7) hipposiderica FOREMAN
1975

NoviforemaneIla diamphidia (FOREMAN) 1973 gr.
PI. 7, figs. 1-3

Paronaella (7) diamphidia FOREMAN
Foreman 1973, p. 262, pI. 8, fig. 3-4.
Riedel & Sanfilippo 1974, pI. 12, fig. 4.
Foreman 1975, p. 612, pI. 5, tig. 4-5.
Baul11gartner 1980, p. 302, pI. 4, fig. 4.
Sehaaf 198 I, p. 436, pI. 13, fig. 4.
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Kito 1987, pI. I, fig. 5.
Paronaella (7) sp. aff. P. (7) diamphidia FOREMAN

Foreman 1973, p. 262, pI. 8, fig. 5.
Paronaella (7) hipposidericus FOREMAN

Foreman 1975, p. 612, pI. 2E, fig. 1-2, pI. 5, fig. 3, 7, 10.

Baul11gartner 1980, p. 302, pI. 4, figs. 1-3.
Baul11gartner et aI. 1980, p. 57, pI. 2, tig. 4.

Foremanella alpina MUZAVOR
Muzavor 1977, 67, pI. 3, fig. 8.

Foremanella diamphidia (FOREMAN)
Baul11gartner 1984, p. 765, pI. 6, fig. 18.
Matsuoka & Yao 1985, pI. 2, fig. 9.
Santllippo & Riedel 1985, p. 593, fig. 5.4a,b.
Aita & Okada 1986, p. 112, pI. I, fig. 10.
Aita 1987, p. 63, pI. 8, fig. I I.
Kito 1987, pI. 1, fig. 5.
Pavsic & Gorican 1987, p. 25, pI. 3, fig. 4.
Dostzaly 1988, pI. I, tig. I.
Matsuoka 1992, pI. 2, fig. I I.
Steiger 1992, p. 46, pI. 10, fig. 15.

Foremanella hipposidericus (FOREMAN)
Baumgartner 1984, p. 765, pI. 6, fig. 19.
Sanfilippo & Riedel 1985, p. 593, tig. 5.3.
Aita 1987, p. 63, pI. 12, fig. 8.
Ozvoldova & Petercakova 1987, pI. 34, figs. 2, 3.
Ozvoldova I 990b, pI. I, fig. 5.
Widz 1991, p. 246, pI. I, fig. 27.

Paronaella (7) sp.
Yao 1984, pI. 3, fig. 25.

Foremanella sp.
Yao 1991, pI. 4, fig. 27.

Foremanella diamphidia diamphidia FOREMAN
Baumgat1ner 1992, p. 321, pI. 7, fig. I.

Foremanella sp. B.
Steiger 1992, p. 46, pI. 10, fig. 17.

Noviforemanella sp. aff. N. hipposiderica (FOREMAN)
Pessagno et aI. 1993, p. 123, pI. 2, tigs. 9, 23; 7figs. 8,22.

Genus: Novixitus PESSAGNO 1977b

Type species: Novixitus mclaughlini PESSAGNO 1977b

Novixitus weyli SCHMIDT-EFFING 1980
PI. 25, figs. 8-9

7 Stichomitra elegans (SQUINABOL)
DUl11itrica 1975, text-fig. 2, fig. I I.

Novixitus sp. A
Pessagno I 977b, p. 54, pI. 9, fig. 6.

Dictyomitra (7) sp. C

Nakaseko et aI. 1979, pI. 7, fig. 3, non fig. 4.
Dictyomitra (7) sp. A

Nakaseko et aI. 1979, pI. 7, fig. 5.
Dictyomitra (7) sp. H

Nakaseko et aI. 1979, pI. 7, fig. 6.



Novixitus weyli SCHMIDT-EFFING

Schmidt-Effing 1980, p. 252, fig. 33.

Nakaseko & Nishimura 1981, p. 155, pI. 10, figs. 1, 2;

pI. 16, 7fig. 10.

Matsuyama et a!. 1982, pI. 2, fig. 4.

Taketani 1982a, p. 62, pI. 5, figs. 9a,b; pI. 12, fig. 11.

Taketani 1982b, pI. 1, fig. 11.

Kato & Iwata 1989, pI. 3., 7 fig. 3; pI. 8, fig. 9.

Thurow 1988, p. 402, pI. 4, fig. 1.

Novixitus mclaughlini PESSAGNO

Okamura 1980, pI. 21, fig. 8, non fig. 12.

Novixitus cf. weyli SCHMIDT-EFFING

Mizutani et a!. 1982, pI. 5, fig. 3.

Novixitus sp. A
Yamauchi 1982, pI. 1, fig. 10.

Novixitus sp.

Kato & 1wata 1989, pI. 8, fig. 10.

Genus: Orbiculiforma PESSAGNO 1973

Type species: Orbiculiforma quadrata PESSAGNO 1973

Orbiculiforma sp. A sensu WIDZ 1991
PI. 3, figs. 14-15

Orbiculiforma sp. A
Widz 1991, p. 247, pI. 2, fig. 12.

Cenodiscus (7) sp.

Pessagno et a!. 1993, p. 135, pI. 5, fig. 5.

Remarks: This species differs from other representa
tives of the genus by its regular meshwork of large po
lygonal pore-frames.

Orbiculiforma sp. B sensu WIDZ 1991
PI. 3, figs. 8-9

Orbiculiforma sp. B
Widz 1991, p. 248, pI. 2, fig. 14.

Remarks: Outer layer consisting of small polygonal
pore-frames with tiny nodes on vertices. One rim of
thicker nodes around central cavity. Nine sturdy py
ramidal bladed spines on the periphery.

Orbiculiforma sp. D sensu WIDZ 1991
PI. 3, figs. 10-12

Orbiculiforma sp.

Ozvoldova 1988, pI. 2, figs. 1-2.

Ozvoldova 1990b, p. 302, pI. 3, fig. 1.

Orbiculiforma sp. D
Widz 1991, p. 248, pI. 2, figs. 15-16.

Remarks: This species is characterized by an irregu
lar pore-pattern of the outer layer. The pores are large
around the central cavity and become smaller on the pe
riphery.

Genus: Palinandromeda PESSAGNO, BLOME & HULL,
in Pessagno et al. 1993

Type species: Andromeda crassa BAUMGARTNER 1980

Palinandromeda podbielensis (OZVOLDOVA) 1979
PI. 15, fig. 6

Anthocorys podbielensis OZVOLDOVA

OZvoldova 1979, p. 257, pI. 4, figs. 1-3.

Andromeda violae BAUMGARTNER

Baumgartner et al. 1980, p. 50, pI. 4, figs. 10-14, pI. 6,

fig. 11.

Sato et al. 1982, pI. 4, fig. 9.

Nishizono et al. 1982, pI. 2, fig. 15.

Pessagno et a!. 1984, p. 30, pI. 4, figs. 16, 18, 19.

Sato et a!. 1986, Fig. 17.19.

AcanthocOlys podbiliensis OZVOLDOVA

Steiger 1981, pI. 14, fig. 9.

Andromeda podbielensis (OZVOLDOVA)

Kocher 1981 p. 54, pI. 12, figs. 8-9.

Baumgartner 1984, p. 755, pI. 1, figs. 11-12.

De Wever & Miconnet 1985, p. 384, pI. 3, figs. 1-2,6-7,9.

7 De Wever et al. 1986b, pI. 9, figs. 10-11, 17.

Kishida & Hisada 1986, Fig. 2. 20.

Ozvoldova & Petercakova 1987, pI. 31, figs. 4, 5.

OZvoldova 1988, pI. 6, fig. 5.

Danelian 1989, p. 138, pI. 2, fig. 11.

Kito 1989, p. 217, pI. 25, fig. 2,12-14.

Andromeda depressa DE WEVER & MICONNET

De Wever et al. 1987, pI. A, fig. 5.

Andromeda crassa BAUMGARTNER

Kito 1989, p. 216, pI. 25, fig. 8, non fig. 7.

"Andromeda" violae BAUMGARTNER

Yang& Wang 1990, p. 212, pI. 5, figs. 7, 8.

Palinandromeda praepodbielensis (BAUMGARTNER)
1984

PI. 15, figs. 4-5

Andromeda praepodbielensis BAUMGARTNER

Ballmgartner 1984, p. 756, pI. 1, figs. 13-15.

Ballmgartner 1985, fig. 37j.

Gorican 1987, p. 181, pI. 2, fig. 7.

Takemura 1986, p. 63, pI. 11, figs. 4-7.

Kito 1989, p. 216, pI. 25, figs. 9-11,15.

Tonielli 1991, p. 21, pI. 1, figs. 4,13.

Yao 1991, pI. 3, fig. 15.

Andromeda praecrassa BAUMGARTNER

Kito 1989, p. 216, pI. 25, figs. 4-6, 716.

Palinandromeda sp. A
PI. 27, figs. 1-3

Alldromeda (7) sp.

Takemura 1986, p. 63, pI. 11, fig. 8.

Andromeda sp. 1
Kito 1989, p. 217, pI. 25, figs. 1-3.
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Andromeda aff. A. praepodbielensis BAUMGARTNER

Conti & Marcucci 1991, p. 797, pI. 1, fig. 7.

Remarks: This species differs from other representa
tives of the genus by higher number of segments. The
test is slenderly conical, increasing gradually in height
and width.

Genus: Pantanellium PESSAGNO 1977a

Type species: Pantanellium riedeli PESSAGNO 1977a

Remarks: Several very similar morphotypes occur
through the Jurassic and Cretaceous. Pantanellium
tanuense PESSAGNO &BLOME and P. oligoporum
(VINASSA) are determined to the species level in the pre
sent study. In the zonation Pantanellium is treated as a
genus.

* Pantanellium oligoporum (VINASSA) 1899
PI. 1, figs. 7-9

Ellipsoxiphus oligoporus VINASSA

Vinassa 1899, p. 228, pI. 17, fig. 44.

Form ancestral to Sphaerostylus lanceola

Riedel & SanfiIippo 1974, p. 780, pI. 1, figs. 4, 5; pI. 12,

fig. I.
Sphaerostylus sp. A

Matsuoka & Yao 1985, pI. 2, fig. 14.

Sphaerostylus oligoporus (VINASSA)

Sanfilippo & Riedel 1985, p. 590, Fig. 4.5

Matsuoka 1992, pI. 3, fig. 4.

Spherostylus lanceola (PARONA)

Kawabata 1988, pI. 2, fig. 16.

Pachyoncus (7) sp.
Kato & Iwata 1989, pI. 5, fig. 3.

Remarks: Pantanellium oligoporum (VINASSA) can
easily be distinguished from other species of Pantanel
lium by its wide spines, few pores and strong nodes on
vertices.

* Pantanellium tanuense PESSAGNO & BLOME 1980
PI. 1, figs. 14-18

Pantanellium tanuense PESSAGNO & BLOME

Pessagno & Blome 1980, p. 247, pI. 4, figs. 3,4,24.

Ellipsoxiphus tanuensis (PESSAGNO & BLOME)

Kozur & Mostler 1990, p. 214, pI. 14, figs. 10, I I.

Remarks: Our specimens have longer spines than the
type material.

Genus: Parahsuum YAO 1982

Type species: Parahsuum simplum YAO 1982

Remarks: Middle and Upper Jurassic forms of Pa
rahsuum s.s. are included in the database on the generic
level.
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Parahsuum (?) grande HORI & YAO 1988
PI. 18, figs. 9-11

Archaeodictyomitra sp. A
7 Yao et al. 1980, pI. 3, figs. 7-9.

Archaeodictyomitra sp. a

Kido 1982, pI. 4, fig. 7.

Parahsuum (7) grande HORI & YAO

Hori & Yao 1988, 54, pI. 2, figs. 7a-e, 8-12.

Hori 1990, Fig. 9.45.

Yao 1991, pI. 2, fig. 13.

Sano et al. 1992, pI. 2, fig. B.

Remarks: Our specimens differ from the type mate
rial by having a dome-shaped rather than conical apical
portion.

Intersegmental constrictions are developed on the
distalmost part, or they comprise more than a half of the
test. The circumferential ridges nevertheless lack thick
ened discontinuous costal elements, characteristic of
Transhsuum hisuikyoense (ISOZAKI & MATSUDA).
Parahsuum sp. D of Yao et al. (1982, pI. 2, fig. 19) and
Matsuoka & Yao (1986, pI. 1, fig. 7), assigned to P. (?)
grande by Hod & Yao (1988), is therefore included in
Transhsuum hisuikyoense.

Parahsuum (?) magnum TAKEMURA 1986
PI. 19, figs. 15-17

Parvicingula sp. G

Kishida & Sugano 1982, pI. 10, fig. I.

Parahsuum (7) magnum TAKEMURA

Takemura 1986, p. 49, pI. 5, figs. 12-15.

Kito 1989, p. 175, pI. 20, fig. 6.

Yao 1991, pI. 3, fig. 17.

El Kadiri 1992, p. 47, pI. 2, figs. 2, 6, 8, 9, 13.

Parahsuum cruciferum TAKEMURA

Tonielli 1991, p. 26, pI. I, fig. 8.

Remarks: Included are also specimens with a pointed
horn (pI. 19, fig. 15).

Parahsuum (?) natorense (EL KADIRI) 1992
PI. 19, figs. 14, 18

Parahsuum (7) sp. 5

Kito 1989, p. 178, pI. 19, figs. 2 1-22.

Canutus (7) natorensis EL KADJRI

El Kadiri 1992, p. 41, pI. I, fig. 11-13.

Remarks: This species is questionably assigned to
Parahsuum because of its distinct inflated distal part.

* Parahsuum officerense (PESSAGNO & WHALEN)
1982

PI. 17, fig. 8

Lupherium officerense PESSAGNO & WHALEN



Pessagno & Whalen 1982, p. 135, pI. 6, figs. 5,3,18; pI. 12,

tlg.5.

Grill & Kozur 1986, pI. I, tlgs. 4, 5.

Gorican 1987, p. 184, pI. 2, tlg. 10.

Hattori & Sakamoto 1989, pI. 18, figs. A,B.

Parahsuum officerense (PESSAGNO & WHALEN)

Yao 1991, pI. 3, tlg. 16.

* Parahsuum ovale BORI & YAO 1988
PI. 17,fig. 13

Parahsuum (7) sp. C

Yao 1982, pI. 4, tlgs. 9-11.

Yao et a!. 1982, pI. 2, tig. 10.

Hori 1986, tlg. 6.3

Matsuoka 1986a, pI. 1, tig. 2.

Matsuoka & Yao 1986, pI. I, tig. 3.

Parahsuum directiporata (Rust)
Sato et a!. 1986, tlg. 17.11.

Bagotum sp. A

Sashida et a!. 1986, tlg. 5.18.

Parahsuum ovale HORl & YAO

Hod & Yao 1988, p. 51, pI. 1, tlgs. 3a-e, 4a-c, 6-8, 9a,b.

Hori 1990, fig. 8.16.

Yao 1991, pI. 2, tlg. 2.

Parahsuum takarazawaense SASHIDA

Sashida 1988, p. 19, pI. I, tlgs. 6-13,18,19.

* Parahsuum simplum YAO 1982
PI. 17,figs.9-1O, 12

Parahsuum simplum YAO

Yao 1982, p. 61, pI. 4, tlgs. 1-8.

Imoto et a!. 1982, pI. 1, tlgs. 1, 2.

Yao et a!. 1982, pI. 2, tlg. 9.

Ishida 1983, pI. 2, tlgs. 1-2.

Matsuoka & Yao 1986, pI. I, tlg. 2.

Gorican 1987, p. 185, pI. I, tlg. 3.

Hori & Yao 1988, p. 51, pI. 1, tlgs. la-d.

Sashida 1988, p. 19, pI. I, tlgs. 1-5, 16, 17.

Hori 1990, pI. 8, tlg. 15.

Yao 1991, pI. 2, fig. I.
7 Sano et a!. 1992, pI. 2, tig. A.

Genus: Paronaella PESSAGNO 1971, emend.
BAUMGARTNER 1980

Type species: Paronaella solanoensis PESSAGNO 1971.

Paronaella broennimanni PESSAGNO 1977a
PI. 6, figs. 6-7, 9-10

Paronaella bronnimanni PESSAGNO

Pessagno 1977a, p. 69, pI. I, f1gs. 4-5.

Paronaella broennimanni PESSAGNO

Baumgartner 1980, p. 300, pI. 9, tlg. 6.

Kocher 1981, p. 80, pI. 15, f1g. 5.

Baumgartner 1984, p. 777, pI. 6, tlg. 17.

Danelian 1989, p. 172, pI. 6, tlg. 11.

Paronaella sp.

OZvoldova I990b, p. 302, pI. 4, tlg. 8.

Paronaella pristidentata BAUMGARTNER

7 Widz 1991, p. 250, pI. 2, tlg. 23.

Paronaella sp. C

Widz 1991, p. 250, pI. 3, tlg. 2, non f1g. 3.

Remarks: Specimens with finer meshwork and less
differentiated structure on the ray-tips than with the type
material are also included (pI. 6, fig. 7).

Paronaella cava (OZVOLDOVA) 1990b
PI. 7, figs. 4-6

Paronaella (?) sp.
Ozvoldova & Sykora 1984, p. 268, pI. 8, tlgs. 2, 3; pI. 9,

tlg.7.

Angulobracchia (7) cava OZVOLDOVA

OZvoldova 1990b, p. 300, pI. 2, tigs. 1,2, 3, 5.

Paronaella aff. corpulenta DE WEVER 1981
PI. 7, figs. 14-16

Paronaella corpulenta DE WEVER

Aff. De Wever 1981b, p. 33, pI. 2, tlgs. 7-9.

Kito 1989, p. 142, pI. 14, figs. 11, 13.

Paronaella sp. 2

Kito 1989, p. 143, pI. 14, f1gs. 14, 15.

Remarks: This species differs from the typical P.
co/pulenta DE WEVER by having a finer, denser spongy
meshwork. It further differs from P. porosa CARTER
(Carter et aI., 1988) by the rays not being enlarged at the
tips.

The width of rays is highly variable.

* Paronaella kotura BAUMGARTNER 1980
PI. 7, fig. 12

Paronaella kotura BAUMGARTNER

Baumgartner 1980, p. 302, pI. 9, Jigs. 15-19; pI. 12, f1g. 8.

Kocher 1981, p. 80, pI. 15, tig. 7.

Baumgartner 1984, p. 777, pI. 6, f1g. 20.

De Wever et a!. 1986b, pI. 9, f1g. 2.

Ozvoldova & Petercakova 1987, pI. 34, Jigs. 7, 9.

Ozvoldova 1988, pI. 6, Jig. 4.

Conti & MarclIcci 1991, pI. 3, f1g. 5.

Widz 1991, p. 248, pI. 2, f1g. 17.

Paronaella mulleri PESSAGNO 1977a
PI. 7, figs. 8-10

Paronaella mulleri PESSAGNO

Pessagno I977a, p. 71, pI. 2, figs. 2-3.

Ballmgartner 1980, p. 304, pI. 9, fig. 8.
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Koeher 1981, p. 80, pI. 15, fig. 8.

Baumgartner 1984, p. 778, pI. 6, fig. 21.

? Nagai 1985, pI. 4, figs. 2, 2a.

De Wever et a!. 1986b, pI. 8, fig. 8.

De Wever & Cordey 1986, pI. I, fig. 20.

Ozvoldova 1988, pI. 4, fig. 10.

Danelian 1989, p. 173, pI. 6, fig. 12-15.

Widz 1991, p. 250, pI. 2, figs. 26-27.

Paronaella sp. ef. P. mulleri PESSAGNO

Baumgartner 1980, p. 304, pI. 9, fig. 5; pI. 12, figs. 4-7.

Paronaella denudata (ROST)

OZvoldova 1990b, pI. I, fig. 7.

* Paronaella pygmaea BAUMGARTNER 1980
PI. 7, fig. 13

Paronaella pygmaea BAUMGARTNER

Baumgartner 1980, p. 306, pI. 9, figs. 2, 9.

Aita 1987, p. 64, pI. I, fig. 7; pI. 8, fig. 12.

? Ozvoldova 1990b, pI. 3, fig. 6.

Widz 1991, p. 250, pI. 2, fig. 23.

Genus: Parvicingula PESSAGNO 1977a

Type species: Parvicingula santabarbarensis PESSAGNO

1977a

Parvicingula boesii (PARONA) 1890 gr.
PI. 24,figs. 11, 14-15

Dictyomitra boesii PARONA

Pm'ona 1890, p. 170, pI. 6, fig. 9.

Foreman 1975, p. 613, pI. 2H, figs. 10-11; pI. 7, fig. 9.

Riedel & Sanfilippo 1974, p. 778, pI. 4, fig. 6, non fig. 5.

Parvicingula boesii (PARONA)

Pessagno 1977b, p. 48, pI. 8, fig. 5.

Okamura 1980, pI. 20, figs. 3, 9.

Aoki 1982, pI. 2, fig. 8

Okamura & Uto 1982, pI. 3, figs. 5, 6, 7, 9, 10.

SuyarI 1986, pI. 3, fig. I.
Pavsic & Gorican 1987, p. 27, pI. 4, fig. 11.

non Ozvoldova & Petercakova 1987, pI. 34, fig. 4.

Ozvoldova 1988, pI. 4, fig. 2; non pI. 7, fig. 7.

Thurow 1988, p. 403, pI. 6, fig. 9.

Tumanda 1989, p. 38, pI. 4, figs. 1,2.

Ozvoldova & Petercakova 1992, pI. 3, fig. 12.

Matsuoka 1992, pI. I, fig. 11; pI. 2, fig. 4.

Steiger 1992, p. 86, pI. 23, figs. 1-7.

Taketani & Kanie 1992, Fig. 4.8-9.

Parvicingula boesii (PARONA) group

non Baumgartner et a!. 1980, p. 58, pI. 5, fig. 15, pI. 6,

fig. 8.

Ristola boesii (PARONA) s.1.

Pessagno et a!. 1984, p. 28, pI. 3, fig. 9.

? Widz 1991, p. 250, pI. 3, fig. 6.

Ristola boesii (PARONA)
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Aita & Okada 1986, pI. 2, figs. 2, 3.

Kito 1987, pI. 3, fig. 9.

Kato & lwata 1989, pI. I, fig. 4, pI. 4, fig. 6.

Igo et a!. 1987, Fig. 2.2.

Parvicingula cosmoconica (FOREMAN) 1973
PI. 24, figs. 2-3

Dictyomitra cosmoconica FOREMAN

Foreman 1973, p. 263, pI. 9, fig. 11; pI. 16, fig. 3.

Foreman 1975, p. 614, pI. 2H, fig. 3; pI. 7, fig. I.
Parvicingula cosmoconica (FOREMAN)

Baumgartner et a!. 1980, p. 58, pI. 5, fig. 16; pI. 6, fig. 7.

Baumgartner 1984, p. 778, pI. 7, fig. I.
OZvoldova & Sykora 1984, p. 268, pI. 9, fig. 5.

Sehaaf 1984, p. 153, fig. 6.

Aita & Okada 1986, pI. 2, fig. 4.

non De Wever & Cordey 1986, pI. 1, fig. 3.

non Kito 1987, pI. 3, fig. 5.

Pavsic & Gorican 1987, p. 27, pI. 4, fig. 10.

Matsuoka 1992, pI. 2, fig. 8.

Steiger 1992, p. 86, pI. 24, figs. 4-6.

Taketani & Kanie 1992, Fig. 4.10.

* Parvicingula dhimenaensis BAUMGARTNER 1984
PI. 24, figs. 12-13

Amphipyndax sp.

Baumgartner & Bernoulli 1976, p. 611, figs 12 e,i,m.

Parvicingula boesii (PARONA)

De Wever & Caby 1981, pI. 2, fig. 2e.

Koeher 1981, p. 81, pI. 15, fig. 11.

Parvicingula sp. C

Aita 1982, pI. I, figs. 13-14.

Amphipyndax ? sp.

Nishizono et a!. 1982, pI. 3, fig. 16.

Parvicingula dhimenaensis BAUMGARTNER

Baumgartner 1984, p. 778, pI. 7, figs. 2-4.

De Wever & Mieonnet 1985, p. 389, pI. 4, figs. 4, 6-8.

Yamamoto et a!. 1985, p. 36, pI. 6, fig. I.

Conti 1986, pI. I, fig. I.
Matsuoka 1986e, pI. 2, fig. 12.

Aita 1987, p. 66, pI. 2, figs. 3a,b, 5a,b; pI. 9, fig. 12-13.

Gorican 1987, p. 185, pI. 3, Jigs. 13-14.

Wakita 1988, pI. 4, fig. 10, pI. 5, fig. 7.

Matsuoka 1990, pI. I, Jig. 7.

Parvicingula spinosa AtTA

Aita 1985, figs. 6.12, 6.13.

Eoxitus baloghi KOZUR

Kozur 1985, p. 216, fig. 2e.

Eoxitus elongatus KOZUR

Kozur 1985, p. 217, fig. Ih.

Eoxitus nodosus KOZUR

Kozur 1985, p. 217, fig. 2a,b,d.

Parvicingula dhimenaensis BAUMGARTNER gr.

Kishida & Hisada 1986, Fig. 2.4; Fig. 8. 2.



Parvicingula usotanensis TUMANDA 1989
PI. 24, fig. 16

Dictyomitra boesii PARONA

Riedel & Sanfilippo 1974, p. 778, pI. 4, fig. 5, non. fig. 6.

Parvicingula boesii (PARONA)

Sehaaf 1981, p. 436, pI. 3, figs. 13a,b, pI. 18, figs. 6a,b.

Okada et al. 1982, pI. 1, fig. 5.

Parvicingula sp.

SuyarI 1986, pI. 3, fig. 2

Parvicingula usotanensis TUMANDA

Tumanda 1989, p. 30, pI. 4, fig. 4, pI. 10, figs. 11 a,b.

Genus: Parvivacca PESSAGNO & YANG, in Pessagno et
aI. 1989

Type species: Parvivacca blomei PESSAGNO & YANG
1989

* Parvivacca blomei PESSAGNO & YANG, in Pessagno
et aI. 1989

PI. 2, figs. 2-3

Parvivacca blomei PESSAGNO & YANG

Pessagno et al. 1989, p. 344, pI. 10, figs. 13, 14, 16, 18, 28.

Genus: Perispyridium DUMITRICA 1978

Type species: Trilonche (?) ordinaria PESSAGNO 1977a

Perispyridium ordinarium (PESSAGNO) 1977a gr.
PI. 26, fig. 16

Trilonche (?) ordinaria PESSAGNO

Pessagno 1977a, p. 79, pI. 6, fig. 14.

Perispyridium ordinarium (PESSAGNO)

Dumitriea 1978, p. 35, pI. 3, figs. 1,2,5; pI. 4, fig. 9.

Koeher 1981, p. 83, pI. 15, fig. 15.

Pessagno & B10me 1982, p. 294, pI. 6, figs 4, 12, 15.

Nishizono et al. 1982, pI. 2, fig. 9.

Aita 1982, pI. 3, fig. 23.

Baumgminer 1984, p. 779, pI. 7, figs. 5-6.

Pessagno et al. 1984, p. 24, pI. I, fig. 7.

De Wever et al. 1985, pI. 1, fig. 25.

De Wever & Cordey 1986, pI. I, Jig. 18.

De Wever et al. 1986b, pI. 6, fig. 9.

Aita 1987, p. 66, pI. 6, figs. la,b; pI. 12, fig. 13.

Yang & Wang 1990, p. 212, pI. 5, fig. 5.

Matsuoka 1992, pI. 3, fig. 8; pI. 4, fig. 12.

Trigonocyclia sp.

Ozvoldova 1979, p. 253, pI. 3, fig. 2.

Perispyridium (?) ordinarium (PESSAGNO)

De Wever & Caby 1981, pI. 2, fig. 2A.

Perispyridium cl'. tamanense PESSAGNO & BLOME

Ozvoldova 1988, p. 385, pI. 1, tig. 6.

Perispyridium aft'. tamanense PESSAGNO & BLOME

Widz 1991, p. 252, pI. 3, fig. 5.

Perispyridium sp. A

Widz 1991, p. 252, pI. 3, fig. 4.

Genus: Podobursa WISNIOWSKI 1889, emend.
FOREMAN 1973

Type species: Podobursa dunikowskii WISNIOWSKI 1889

Podobursa spinosa (OZVOLDOVA) 1975

PI. 16, fig. 5

Podobursa pantanellii (PARONA)

Riedel & Sanfilippo 1974, p. 779, pI. 8, fig. 5, pI. 13, fig. 6.

Muzavor 1977, p. 108, pI. 7, fig. 5.

Sanfilippo & Riede11985, p. 611, fig. 11.2a,b.

Heitzeria spinosa OZVOLDOVA

Ozvoldova 1975, p. 78, pI. 10 I, fig. 2.

Podobursa berggreni PESSAGNO

Pessagno I 977a, p. 90, pI. 12, figs. 1-5.

Podobursa spinosa (OZVOLDOVA)

Ozvoldova 1979, p. 256, pI. 2, fig. 4.

Baumgartner et al. 1980, p. 60, pI. 3, fig. 10.

Koeher 1981, p. 85, pI. 15, fig. 18.

Baumgartner 1984, p. 779, pI. 7, fig. 8.

OZvoldova 1988, pI. 8, fig. 5.

OZvoldova 1990b, pI. 2, fig. 6.

Conti & Mareueci 1991, p. 802, pI. 3, fig. 6.

OZvoldova 1992, pI. 5, fig. 10.

Pessagno et al. 1993, p. 157, pI. 8, fig. I.
Podobursa spinosa (OZVOLDOVA) gr.

De Wever et al. 1986b, pI. 10, figs. 5, 6, 8, 10.

Genus: Podocapsa RUST 1885, emend. FOREMAN 1973

Type species: Podocapsa guembeli RUST 1885,
(subsequent designation by Campbell 1954).

Podocapsa amphitreptera FOREMAN 1973
PI. 16, figs. 1-3

Podocapsa amphitreptera FOREMAN

Foreman 1973, p. 267, pI. 13, fig. 11.

Foreman 1975, p. 617, pI. 6, fig. 15.

Muzavor 1977, p. 112, pI. 7, Jig. 4.

Baumgaliner et al. 1980, p. 61, pI. 3, figs. 8-9.

Koeher 1981, p. 86, pI. 15, Jig. 20.

De Wever & Caby 1981, p. 470, pI. H, fig. 2L.

Yao et al. 1982, pI. 4, fig. 29.

Baumgartner 1984, p. 780, pI. 7, figs. 9-10.

Sehaat' 1984, p. 90-91, figs. 1-3b.

Ozvoldova & Sykora 1984, p. 269, pI. 11, figs. 2, 3, 6.

Yao 1984, pI. 3, fig. 14.

Matsuoka & Yao 1985, pI. 2, fig. 10.

De Wever & Mieonnet 1985, p. 390, pI. 2, fig. 6.
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Sanfilippo & Riedel 1985, p. 612, fig. 11.5

Matsuoka& Yao 1986, pI. 2, fig. 17.

De Wever et aI. 1986b, pI. 10, figs. 2-3.

Aita & Okada 1986, p. 114, pI. 3, figs. 6-7.

Aita 1987, p. 66, pI. 12, fig. 3.

Ozvoldova & Petercakova 1987, pI. 34, fig. 8.

OZvoldova 1988, pI. 4, fig. I.

Dostzaly 1988, pI. I, fig. 2

Yao 1991, pI. 4, fig. 26.

Widz 1991, p. 252, pI. 3, fig. 14.

Baumgartner 1992, p. 324, pI. 10, fig. 9.

Matsuoka 1992, pI. 2, fig. 6.

Steiger 1992, p. 61, pI. 17, fig. I.
Nassellaria gen et sp. indet.

Nakaseko & Nishimura 1981, pI. 8, fig. 12a,b.

Genus: Praeconocaryomma PESSAGNO 1976

Type species: Praeconocaryomma universa PESSAGNO

1976

* Praeconocaryomma sp.
PI. 2, fig. 13

Genus: Protunuma ICHlKAWA & YAO 1976

Type species: Protunuma fusiform is lCHlKAWA & Y AO

1976

Protunuma japonicus MATSUOKA & YAO 1985
PI. 10, figs. 1-2

Protunuma filsiformis ICHIKAWA & YAO

Mizutani 1981, p. 181, pI. 63, figs. 1,8; pI. 64, fig. 3.

Adaehi 1982, pI. 3, figs. 9-10.

Ozvoldova & Sykora 1984, p. 270, pI. 8, figs. 6, 7.

? Nishizono & Murata 1983, pI. 4, fig. 15.

Steiger 1992, p. 90, pI. 27, figs. 2, 3.

Protunuma (?) sp.

Imoto et aI. 1982, pI. 3, fig. 10.

Protunuma sp. D.

Yao et aI. 1982, pI. 4, fig. 24.

Yao 1984, pI. 3, figs. 12, 17.

Protunuma costata (I-1EITZER)

Baumgartner 1984, p. 781, pI. 7, fig. IS.

Protunumajaponicus MATSUOKA & YAO

Matsuoka & Yao 1985, p. 130, pI. I, figs. 11-15; pI. 3,

figs. 6-9.

MatsLloka 1986e, pI. 2, fig. 7.

MatsLloka & Yao 1986, pI. 3, fig. 22.

? Wakita 1988, pI. 5, fig. 13, pI. 6, fig. 19.

Kito 1989, p. 213, pI. 24, fig. 15.

Yao 1991, pI. 4, fig. 24.

Kiessling 1992, pI. 1, fig. 10.

MatsLloka 1992, pI. 3, fig. 5.
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Protunuma spp.

Widz 1991, p. 253, pI. 3, figs. 15, 16.

Protunuma turbo MATSUOKA 1983
PI. 10, figs. 5a,b, 6

Protunuma sp. J
Yao et al. 1982, pI. 4, fig. 5.

Matsuoka I982b, pI. 2, fig. 5a,b.

Protunuma turbo MATSUOKA

Matsuoka 1983, p. 24, pI. 4, figs. 4-7; pI. 8, figs. 16-18;

pI. 9, figs. 1-2.

Aita 1987, p. 66, pI. 6, figs. 4a,b, 5a,b.

Maate et aI. 1993, Fig. 3.16, 3.17.

Protunuma sp. ef. P. turbo

Matsuoka 1990, pI. I, fig. 4.

Genus: Pseudocrucella BAUMGARTNER 1980

Type species: Crucella sanjilippoae PESSAGNO 1977a

* Pseudocrucella adriani BAUMGARTNER 1980
PI. 6, figs. 13-14

Pseudocrucella adriani BAUMGARTNER

Baumgartner 1980, p. 291, pI. 8, figs. 4, 8, 12, 15, 16.

Koeher 1981, p. 88, pI. 15, fig. 23.

Baumgartner 1984, p. 781, pI. 7, fig. 16.

De Wever et aI. 1986b, pI. 8, fig. 3.

OZvoldova 1988, pI. 3, fig. 6.

Pseudocrucella sp. A
Baumgartner 1980, p. 292, pI. I. fig. 13, pI. 8, figs. 3, 5, 7,

9, 13, pI. 11, figs. 11, 12, 14.

Ishida 1983, pI. I I, fig. 2.

Oorican 1987, p. 185, pI. I, fig. 9.

* Pseudocrucella sp_ B sensu BAUMGARTNER 1980
PI. 6, fig. 12

Pseudocrucella sp. B

Baumgartner 1980, p. 292, pI. 8, tlgs. 2, 6.

Nagai 1985, pI. 3, fig. 3a.

Genus: Pseudodictyomitra PESSAGNO 1977b

Type species: Pseudodictyomitra pentacolaensis
PESSAGNO 1977b

Pseudodictyomitra carpatica (LOzYNYAK) 1969
PI. 22, fig. 17

Dictyomitra cmpatica LOZYNYAK

Lozynyak 1969, p. 38, pI. 2, figs. 11-12.

Foreman 1973, p. 263, pI. 10, tlgs. 1-3; pI. 16, fig. 5.

Foreman 1975, p. 614, pI. 20, tlgs. 12-14, non fig. 11; pI. 7,

fig. 7, non fig. 6.



Pseudodictyomitra sp. C

Pessagno 1977b, p. 52, pI. 8, fig. 6.

Pseudodictyomitra carpatica (LOZYNYAK)

Schaaf 1981, p. 436, pI. 3, fig. 2, non figs. la-e; pI. 20, ?
fig.4a,b.

Nakaseko & Nishimura 1981, p. 158, pI. 9, figs. 6,11.

non De Wever & Thiebault 1981, p. 590, pI. 2, fig. 2.

Matsuyama et al. 1982, pI. 1, fig. 7.

Yao 1984, pI. 4, fig. 14.

Baumgartner 1984, p. 782, pI. 8, fig. 1.

Schaaf 1984, p. 94-95, fig. 1, non figs 2a,b; ? fig. 3.

Aita & Okada 1986, pI. I, figs. 13, 14; pI. 7, fig. 10.
SuyarI 1986, pI. 1, figs. 1, 72, 3, 4.

Kito 1987, pI. 3, fig. 4.

Kawabata 1988, pI. 2, fig. 7.

Iwata& Tajika 1989, pI. 4, fig. 12.

Matsuoka 1992, pI. 2, figs. 2, 3.

Ozvoldova& Petercakova 1992, pI. 4, fig. 13.

Steiger 1992, p. 87, pI. 25, figs. 1-3,7.

Taketani & Kanie 1992, Fig. 4.12.

Pseudodictyomitra sp. cf. P. carpatica (LOZYNYAK)

Nishizono et al. 1982, pI. 3, fig. 9.

Matsuoka 1986a, pI. 4, figs. 9-11.

Sano et al. 1992, pI. 2, fig. F.

Pseudodictyomitra aff. cmpatica LOZYNYAK

De Wever et al. 1986b, pI. 11, fig. 3.

Pseudodictyomitra sp.

Kanie et al 1981, pI. 1, fig. 18.

Remarks: Forms with segments rectangular rather

than trapeziodal in outline, and prominent depressions

between adjacent costae (see De Wever & Thiebault,

1981) are assigned to Pseudodictyomira lanceloti
SCI-IAAF.

Pseudodictyomitra depressa BAUMGARTNER 1984

PI. 20, fig. 10

Pseudodictyomitra sp.

Okamura 1980, pI. 20, figs. 6, 11.

Archaeodictyomitra carpatica (LOZYNYAK)

Okamura & Uto 1982, pI. 2, fig. 3, non figs. 4, 5, 10.

Pseudodictyomitra carpatica (LOZYNYAK)

Okamura & Uto 1982, pI. 8, fig. 7a,b.

Aoki 1982, pI. 2, figs. 14, 15

Tumanda 1989, p. 38, pI. 3, fig. 8

Pseudodictyomitra depressa BAUMGARTNER

Ballmgartner 1984, p. 782, pI. 8, figs. 2, 7-8, 11.

? Suyar1 1986, pI. 1, fig. 7.

Taketani & Kanie 1992, Fig. 4.13.

Steiger 1992, p. 87, pI. 25, figs. 4-5.

Remarks: Pselldodictyomitra depressa BAUMGART

NER should probably be assigned to archaeodictyo

mitrids. See remarks under Archaeodictyomitra mino
ensis (MIZUTANI).

See also remarks under Pseudodictyomitra puga
(SCHAAF).

Pseudodictyomitra lanceloti SCHAAF 1981

PI. 22, figs. 10-11

Pseudodictyomitra lanceloti SCHAAF

Schaaf 1981, p. 436, pI. 18, figs. 9a,b.

Pseudodictyomitra sp.

Matsuyama et al. 1982, pI. 1, fig. 9.

Pseudodictyomitra rigida Wu

WlI 1986, p. 358, pI. 2, figs. ? 15,22.

Pseudodictyomitra carpatica (LOZYNYAK)

De Wever & Thieballlt 1981, p. 590, pI. 2, fig. 2.

Thllrow 1988, p. 404, pI. 6, fig. 12.

Aguado et al. 1991, pI. 7, fig. 2.

Remarks: See remarks under Pselldodictyomira
carpatica (LOzYNYAK).

Pseudodictyomitra lodogaensis PESSAGNO 1977b

PI. 22, figs. 5-7

Dictyomitra sp.

Dumitrica 1975, Fig. 2.8.

Pseudodictyomitra lodogaensis PESSAGNO

Pessagno 1977b, p. 50, pI. 8, figs. 4, 21, 28.

Nakaseko & Nishimura 1981, p. 159, pI. 9, fig. 5.

Schaaf 1981, p. 437, pI. 3, fig. 5.

Yao 1984, pI. 5, fig. 14.

Gorican 1987, p. 186, pI. 3, fig. 20.

Thurow 1988, p. 405, pI. 3, fig. 12.

Taketani & Kanie 1992, Fig. 5.1.

Dictyomitra urakawaensis TAKETANI

Taketani 1982a, p. 59, pI. 4, figs. 8a,b, pI. 11, tig. 16.

Taketani 1982b, pI. I, fig. 13.

Tumanda 1989, p. 37, pI. 8, tigs. 4, 5.

Remarks: Pselldodictyomitra lodogaensis PESSAGNO

differs from P. pentacolaensis PESSAGNO by finer, more

densely packed costae. The porous intersegmental con

strictions with respect to segments are lower than with

P. pentacolaensis.

Pseudodictyomitra pentacolaensis PESSAGNO 1977b

PI. 22, figs. 12-13

Pseudodictyomitra pentacolaensis PESSAGNO

Pessagno 1977b, p. 50, pI. 8, figs. 3, 17,23; pI. 12, fig. 10.

Thurow 1988, p. 405, pI. 3, fig. 17.

Pseudodictyomitra sp. D
Pessagno 1977b, 52, pI. 8, fig. 13.

Pseudodictyomitra cr. pentacolaensis PESSAGNO

Taketani & Kanie 1992, Fig. 5.2.

Remarks: See remarks under Pseudodictyomitra
lodogaensis PESSAGNO.
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* Pseudodictyomitra primitiva MATSUOKA & YAO

1985
PI. 22, fig. 16

Dictyomitra sp. B

Yao et al. 1982, pI. 4, fig. 27.

Yao 1984, pI. 3, figs. 1, 3, non fig. 2.

Unnamed multicyrtoid nassellaria

Adachi 1982, pI. 2, fig. 4.

Pseudodictyomitra primitiva MATSUOKA & YAO

Matsuoka & Yao 1985, p. 131, pI. 1, figs. 1-6; pI. 3,

figs. 1-4.

Matsuoka 1986a, pI. 4, figs. 8, 7 7.

Matsuoka & Yao 1986, pI. 2, fig. 19.

Kawabata 1988, pI. 2, fig. 8.

OZvo1dova 1988, pI. 2, fig. 6.

Wakita 1988, pI. 5, fig. 3, pI. 6, figs. 6-7.

Danelian 1989, p. 184, pI. 7, fig. 14.

Yao 1991, pI. 4, fig. 18.
Matsuoka 1992, pI. 3, fig. 1.

Sano et al. 1992, pI. 2, fig. D.

Hsuum sp.

7 1wata & Tajika 1989, pI. 5, fig. 8.

Pseudodictyomitra pseudomacrocephala
(SQUINABOL) 1903

PI. 22, fig. 4

Dictyomitra pseudomacrocephala SQUINABOL

Squinabo1 1903, p. 139, pI. 10, fig. 2.

Foreman 1975, p. 614, pI. 7, fig. 10.
Dumitrica 1975, Fig. 2.19.

Dictyomitra sp.

Foreman 1973, pI. 14, fig. 16.

Dictyomitra macrocephala SQUINABOL

Riede1 & Sanfilippo 1974, p. 778, pI. 4, figs. 10, 11; pI. 14,

fig. 11.

Dictyomitra (7) pseudomacrocephala SQUINABOL

Pessagno 1976, p. 53, pI. 3, figs. 2-3.

Nakaseko et aI. 1979, pI. 6, fig. 13-14.

Pseudodictyomitra pseudomacrocephala (SQUINABOL)

Pessagno 1977b, p. 51, pI. 8, figs. 10, 11.

Okamura 1980, pI. 21, fig. 6.

Schmidt-Effing 1980, p. 247, fig. 8.

Nakaseko & Nishimura 1981, p. 159, pI. 9, figs. 1-4; pI. 16,

figs. 5-8.

Schaaf 1981, p. 437, pI. 24, fig. 1a,b.

De Wever & Thiebault 1981, p. 592, pI. 1, fig. 5.

Matsuyama et al. 1982, pI. 2, fig. 3.

Mizutani et al. 1982, pI. 4, figs. 10-11.

Taketani 1982a, p. 61, pI. 5, figs. 4a,b; pI. 12, figs. 7-8.

Taketani 1982b, pI. 1, fig. 8.

Schaaf 1984, p. 130-131, figs. 1-5, 6a-c.

Yao 1984, pI. 5, figs. 11, 12, 16.

Sanfilippo & Riedel 1985, p. 608, Figs. 1O.la-e.

Thurow 1988, p. 405, pI. 1, fig. 13; pI. 3, fig. 16.
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Kato & Iwata 1989, pI. 8, fig. 9.

Tumanda 1989, p. 38, pI. 8, fig. 3.

Hernandez-Molina et al. 1991, Fig. 11.3.

Marcucci Passerini et al. 1991, Fig. 3h.

Pseudodictyomitra sp. A

Okamura 1980, pI. 22, fig. 6.

Pseudodictyomitra puga (SCHAAF) 1981
PI. 24, figs. 4-5

Dictyomitra (7) sp.

Dumitrica 1972, pI. 4, figs. 4, 7.

Dictyomitra carpatica LozYNYAK

Nakaseko et al. 1979, p. 21, pI. 3, fig. 9

Archaeodictyomitra puga SCHAAF

Schaafl981, p. 432, pI. 3, fig. 7, pI. 21, figs. 1Ia,b.

Schaaf 1984, p. 157, fig. 1.

Thurow 1988, p. 398, pI. 6, fig. 15

OZvoldova 1990b, p. 140, pI. 3, fig. 8,9, pI. 4, fig. 7.
Pseudodictyomitra puga (SCHAAF)

Nakaseko & Nishimura 1981, p. 160, pI. 9, fig. 8.

Murata et al. 1982, pI. 2, fig. 14.

SuyarI 1986, pI. 1, figs. 5,6,9.

19o et al. 1987, Fig. 2.4.

Pavsic & Gorican 1987, p. 28, pI. 4, fig. 12.

Tumanda 1989, p. 39, pI. 2, fig. 6.

Taketani & Kanie 1992, Fig. 5.3.

Pseudodictyomitra sp.

Okamura & Uto 1982, pI. 5, fig. 1.

Wrangellium (7) medium Wu

Wu 1986, p. 358, pI. 3, figs. 2, 7, 19, 23.

Dictyomitrella (7) puga (SCHAAF)

Matsuoka 1992, pI. 2, fig. 1.

Remarks: Pseudodictyomitra puga (SCHAAF) differs
from P. depressa BAUMGARTNER by having narrower
circumferential ridges with the two rows of pores situ
ated closer to each other.

The disposition of relict pores in the constrictions
suggests that Pseudodictyomitra puga should be related
to parvicingulids rather than pseudodictyomitrids.

* Pseudodictyomitra sp. A
PI. 22, figs. 8-9

Remarks: Costae more irregularly distributed than
with Pseudodictyomitra lodogaensis PESSAGNO or P.
pentacolaensis PESSAGNO. Finer secondary costae
present.

* Pseudodictyomitra sp. C sensu YAO 1982
PI. 22, figs. 14-15

Dictyomitra sp. C

Yao et al. 1982, pI. 4, fIg. 28.

Yao 1984, pI. 1, fig. 4.

Unnamed multicyrtoid nassellarian



Adachi 1982, pI. 2, figs. 5, 6.
Dictyomitra sp.

Kato & Iwata 1989, pI. 3, fig. 6
Pseudodictyomitra primitiva MATSUOKA & Y AO

Kiessling 1992, pI. I, fig. 8.

Remarks: This species differs from Pseudodictyo
mitra primitiva MATSUOKA & YAO by the segments not
being trapezoidal in outline and by having only very rare
faint costae. It closely resembles P. nuda (SCHAAF)
(Archaeodictyomitra nuda SCHAAF 1981, p. 432, pI. 3,
fig. 6). It differs from the latter by more lobate, distally
constricted outline.

Genus: Pseudoeucyrtis PESSAGNO 1977b

Type species: Eucyrtis (?) zhamoidai FOREMAN 1973

* Pseudoeucyrtis hanni TAN 1927
PI. 16, fig. 16

Lithocampe hanni TAN
Tan 1927, p. 64, pI. 13, fig. 109.

Eucyrtis elido SCHAAF

Schaaf 1981, p. 434, pI. 5, fig. 6; pI. 25, figs 3a,b.
Eucyrtis hanni (TAN SIN HOK)

Riedel & Sanfilippo 1974, p. 779, pI. 5, figs. 9-12, 713-14;
pI. 12, fig. 18,716-17.

Schaaf 1984, p. 157, fig. 8.
Sanfilippo & Riedel 1985, p. 618, Fig. 13.7.

Baumgartner 1992, p. 320, pI. 6, fig. 5.

Pseudoeucyrtis reticularis MATSUOKA & YAO 1985
PI. 16, figs. 21-22

Ellipsoxiphus elongatus HEITZER

7 Heitzer 1930, p. 389, pI. 27, fig. 18.
Pseudoeucyrtis sp.

Mizutani 1981, pI. 61, figs. 5, 6.
Ozvoldova & Sykora 1984, p. 270, pI. 10, figs. 5, 6, 8;

pI. 13, fig. 2.
Wakita 1988, pI. 6, fig. 15.

Pseudoeucyrtis sp. A
Yao et al. 1982, pI. 4, fig. 25.

Yao 1984, pI. 3, fig. 18.
Widz 1991, p. 253, pI. 3, fig. 21.

Pseudoeucyrtis reticularis MATSUOKA & YAO

Matsuoka & Yao 1985, p. 132, pI. I, figs. 16-21, pI. 3,

figs. 14-17.
Matsuoka & Yao 1986, pI. 3, fig. 15.
Danelian 1989, p. 184, pI. 7, fig. 15.
Yao 1991, pI. 4, fig. 21.

Eucyrtis aft'. tenuis (ROST)

De Wever et a!. 1986b, pI. 11, fig. 10.
Pseudoeucyrtis sp.

Wakita 1988, pI. 6, fig. 15.

* Pseudoeucyrtis sp. B sensu WIDZ 1991
PI. 16, figs. 19-20

Eucyrtis sp.
Aita 1987, pI. 12, tlg. 6.

Pseudoeucyrtis sp.B
Widz 1991, p. 253, pI. 3, fig. 22.

Remarks: This morphotype differs from Pseudo
eucyrtis sp. J sensu CONTI & MARCUCCI by a less ex
pressed segmental division externally and by having no
spines or tubercles on the shell surface. It further differs
from P. reticularis MATSUOKA & YAO by the middle
inflated part being more individualized.

On the basis of the stratigraphic position it is as
sumed that Pseudoeucyrtis sp. B represents the inter
mediate form between Pseudoeucyrtis sp. J and P. re
ticularis.

Pseudoeucyrtis sp. J sensu CONTI & MARCUCCI 1991
PI. 17, figs. 17-18

Pseudoeucyrtis sp.
Wakita 1988, pI. 4, tlg. 24.

Pseudoeucyrtis tenuis (ROST)

Yang & Wang 1990, p. 213, pI. 5, figs. 9, 11, non fig. I.
Eucyrtis sp. J aff. E. micropora (SQUINABOL)

Conti & Mat'Cucci 1991, p. 800, pI. 2, figs. I, 2.

* Pseudoeucyrtis sp.
PI. 16, fig. 23

Remarks: Test elongated, spindle-shaped, without
strictures. Shell wall thick, multi-layered, with small
irregular pore frames.

Genus: Rhopalosyringium CAMPBELL & CLARK 1944

Type species: Rhopalosyringium magnificum CAMPBELL
& CLARK 1944

Rhopalosyringium majuroense SCHAAF 1981
PI. 26, figs. 7-10

Artostrobium urna FOREMAN

Schmidt-Eftlng 1980, p. 244, tlg. 4.
/?hopalosyringium majuroensis SCHAAF

Schaaf 1981, p. 437, pI. 6, tlgs. 2, 3; pI. 23, tlg. 5.

Nakaseko & Nishimura 1981, p. 161, pI. 8, tlg. 16; pI. 17,
fig. 7.

Taketani 1982a, p. 70, pI. 8, tlgs. 7a,b.

Schaaf 1984, p. 120-121, tlgs. la,b, 2, 3, 4a,b, 5, 6, 7a,b.
Thurow 1988, p. 405, pI. 4, tlg. 5.
Tumanda p. 39, pI. 7, tlg. 13.

Rhopalo.\yringium obiraensis TAKETANI

Taketani 1982a, p. 70, pI. 8, tlgs. 4a,b.
Taketani 1982b, pI. 3, tlgs. 2a,b.
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Rhopalo!>yringium sp. cf. R. majuroensis SCHAAF

Yao 1984, pI. 5, fig. 5.

Remarks: Specimens lacking a thick ring at the lum
bar stricture are also included, Rhopalosyringium obi
raense TAKETANI is thus synonymized with R. majuro
ense SCHAAF.

* Rhopalosyringium sp. A
PI. 26, fig. 6

Remarks: This species differs from Rhopalosyrin
gium majuroense SCHAAF by having a cylindrical tho
rax, not tapering distally. The cephalis is characterized
by the same pore-pattern as the thorax.

Genus: Ristola PESSAGNO & WHALEN 1982, sensu
BAUMGARTNER 1984

Type species: Parvicingula (?) procera PESSAGNO
1977a

Ristola altissima altissima (ROST) 1885
PI. 24, figs. 6-7

Lithocampe altissima ROST

Rust 1885, p. 315(45), pI. 40, fig. 2.

Parvicingula altissima (ROST)

emend. Pessagno 1977a, p. 85, pI. 8, figs. 9-10.

Nakaseko et aI. 1979, p. 23, pI. I, figs. 9, 10.

Kocher 1981, p. 81, pI. 15, fig. 9.

Nakaseko & Nishimura 1981, p. 156, pI. 8, fig. 14.

Adachi 1982, pI. I, fig. 8.

Yao 1982, pI. 4, fig. 19.

Parvicingula (7) altissima ROST

Baumgartner et a!. 1980, p. 58, pI. 5, figs. 4-7.

Ozvoldova & Sykora 1984, p. 268, pI. 11, figs. 4, 7, 8;

pI. 15, fig. 3.

Yao 1984, pI. 2, fig. 25.

De Wever et aI. 1986b, pI. 9, fig. 9.

Ristola altissima (ROST)

Baumgartner 1984, p. 783, pI. 8, fig 3, non figs. 4, 9.

Pessagno et a!. 1984, p. 28, pI. 3, fig. 10.

Aita & Okada 1986, p. 114, pI. 2, figs. 5, 6.

Aita 1987, p. 66, pI. 12, fig. 11; non pI. 11, fig. 9.

Kito 1987, pI. 3, fig. 11.

Ozvoldova 1988, pI. 4, fig. 5.

Wakita 1988, pI. 5, fig. 14.

Danelian 1989, p. 186, pI. 7, fig. 16, non figs. 17-18.

Yao 1991, pI. 4, fig. 12.

Kiessling 1992, pI. 1, fig. 11.

Sano et aI. 1992, pI. 2, fig. M.

l?istola altissima (ROST) ssp. A

Widz 1991, p. 253, pI. 3, fig. 24.

Ristola altissima (ROST) spp. B

Widz 1991, p. 253, pI. 3, fig. 25.
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Remarks: Ristola altissima altissima (ROST) is
characterized by a well individualized bulbous proximal
part. The outer layer shows equally spaced strong nodes.
This subspecies corresponds to the morphotype A of
Ristola altissima described by Danelian (1989).

* Ristola cretacea (BAUMGARTNER), in Baumgartner et
aI. 1980

PI. 24, fig. 8

Lithocampe altissima ROST

Muzavor 1977, p. 102, pI. 8, fig. 7.

Parvicingula cretacea BAUMGARTNER

BaumgartneretaI. 1980, p. 59, pI. 5, figs. 1-3, pI. 6, fig. 4.

Ristola cretacea (BAUMGARTNER)

Baumgartner 1984, p. 783, pI. 8, figs. 5,10.

Aita & Okada 1986, p. 114, pI. 2, fig. 7.

Kato & Iwata 1989, pI. 1, fig. 6.

Steiger 1992, p. 87, pI. 24, figs. 7-8.

Genus: Saitoum PESSAGNO 1977a

Type species: Saitoum pagei PESSAGNO 1977a

Saitoum dercourti WlDZ & DE WEVER 1993
PI. 26, figs. 3-5

Saitoum sp.

Mizutani 1981, p. 183, pI. 63, figs. 2, 3.

Saitoum sp. A
Widz 1991, p. 254, pI. 3, fig. 26.

Widz & De Wever 1993, p. 85, pI. 1, fig. 18.

Saitoum dercourti WIDZ & DE WEVER

Widz & De Wever 1993, p. 85, pI. I, fig. 17.

Remarks: This species differs from Saitoum cepeki
SCHAAF (1981, p. 437, pI. 6, fig. 15; pI. 21, fig. 8) by
the cephalis being hemispherical, less constricted
distally.

Genus: Sethocapsa HAECKEL 1881

Type species: Sethocapsa cometa (PANTANELLI) in Rust
1885 (subsequent designation by Foreman 1973)

* Sethocapsa accincta STEIGER 1992
PI. 15, fig. 8

Sethocapsa accincta STEIGER

Steiger 1992, p. 64, pI. 17, figs. 15, 16.

Sethocapsa horokanaiensis KAWABATA 1988
PI. 15, figs. 9-10

Gen. et spec. indet.

Okamura & Uto 1980, pI. 2, fig. 17.

Sethocapsa (7) sp.



Matsuyama et a!. 1982, pI. I, fig. 6.

Sethocapsa horokanaiensis KAWABATA

Kawabata 1988, p. 4, pI. I, figs. 9-12; pI. 3, fig. 3.

Sethocapsa kaminogoensis AITA, in Aita & Okada
1986

PI. 15, fig. 7

Sethocapsa sp.

Okamura & Uto 1982, pI. 3, fig. 12.

Kito 1987, pI. 2, fig. 3.

Tricolocapsa sp.

Okamura & Uto 1982, pI. 9, figs. la,b.

Sethocapsa kaminogoensis AnA

Aita & Okada 1986, p. 114-115, pI. 4, figs. 5-8, pI. 5,

figs. 1-8, pI. 7, figs. 4a-c.

Aita 1987, pI. 14, fig. 5.

Tumanda 1989, p. 39, pI. 4, figs. 13, 14, pI. 10, fig. 12.

Sethocapsa (?) perspicua (SQUINABOL) 1903
PI. 21, fig. 13

Cyrtocapsa perspicua SQUINABOL

SquinaboI1903,p.142,pI.I0,fig.16.

Sehaaf 1984, p. 163, fig. 10.

Cyrtocapsa (7 Sethocapsa) perspicua SQUINABOL

Thurow 1988, pI. 3, fig. 5.

Stichocapsa perspicua SQUINABOL

Aguado et a!. 1991, Fig. 7.8.

Baumgartner 1992, p. 326, pI. 13, figs. 4, 75.

Sethocapsa pseudouterculus AITA, in Aita & Okada
1986

PI. 15, figs. 16-17

Sethocapsa pseudouterculus AnA

Aita & Okada 1986, p. 116, pI. 3, fig. 12; pI. 4, figs. 1-4;

pI. 7, figs. 5a,b, 12a,b.

Aita 1987, pI. 14, fig. 6.

Sethocapsa sp. A

Aita & Okada 1986, p. 118, pI. 3, fig. 13.

Aita 1987, pI. 14, fig. 8.

Sethocapsa uterculus (PARONA)

Matsuoka 1992, pI. 2, fig. 9 only.

Steiger 1992, p. 63, pI. 17, fig. 14.

Remarks: Sethocapsa pseudouterculus (AITA) differs
from P. utercullls (PARONA) by 1) the conical proximal
part of the test being less depressed in the last segment,
2) lacking a flattened top of the last segment, which, in
addition, 3) is not rimmed by larger pores.

Sethocapsa uterculus (PARONA) 1890, sensu FOREMAN
1975

PI. 15, figs. 11-15

77'l1eocapsa uterculus PARONA

Parona 1890, p. 168, pI. 5, fig. 17.

7Sethocapsa crucigera ROST

RUst 1898, p. 46, pI. 14, fig. 10.

Sethocapsa sp. ef. Theocapsa uterculus PARONA

Foreman 1975, p. 617, pI. 21, figs. 21, 22.

Kanie et a!. 1981, pI. I, fig. 12.

Sethocapsa uterculus (PARONA)

Sehaafl981, p. 437, pI. 5, figs. 8a,b; pI. 26, figs. 5a,b.

Okamura& Uto 1982, pI. 3, fig. 15.

Baumgartner 1984, p. 784, pI. 8, fig. 15.

Sehaaf 1984, p. 151, figs. la,b, 3a,b, 4, non figs. 2a-c.

Yao 1984, pI. 4, fig. I.
SuyarI 1986, pI. 4, figs. I, 2.

Igo et a!. 1987, Fig. 2.19.

Kito 1987, pI. 2, fig. I.
Tumanda 1989, p. 39, pI. 5, fig. 7.

Aguado et a!. 1991, Fig. 7.12.

Matsuoka 1992, pI. 2, fig. 4; non pI. 2, fig. 9.

non Steiger 1992, p. 63, pI. 17, fig. 14.

Taketani & Kanie 1992, Fig. 5.4.

Sethocapsa ef. uterculus (PARONA)

Igo et a!. 1987, Fig. 2.8.

Taketani & Kanie 1992, Fig. 5.5.

Remarks: See remarks under Sethocapsa pseudo
utercullls AlTA.

Genus: Spongocapsula PESSAGNO 1977a

Type species: Spongocapsula palmerae PESSAGNO
1977a

Spongocapsula palmerae PESSAGNO 1977a
PI. 23,figs. 17-19

Spongocapsula palmerae PESSAGNO

Pessagno 1977a, p. 88, pI. 11, fig. 12-14.

Koeher 1981, p. 93, pI. 16, fig. 17.

BaumgaI1ner 1984, p. 785, pI. 8, fig. 16.

Widz 1991, p. 254, pI. 4, fig. I.

Steiger 1992, p. 66, pI. 18, fig. 8.

Pessagno et al. 1993, p. 157, pI. 7, fig. 18.

Spongocapsula ef. pet'ampla (ROST)

OZvoldova 1988, p. 387, pI. 8, fig. 3.

Spongocapsa palmerae PESSAGNO

Yang & Wang 1990, p. 209, pI. 4, figs. 8, 14.

* Spongocapsula perampla (ROST) 1885
PI. 23, fig. 20

Lithocampe perampla ROST

RUst 1885, p. 315, pI. 39, fig. 11.

Riedel & Sanfilippo 1974, p. 779, pI. 8, figs. 1-4.

Spongocapsula sp. aff. S. pet'ampla (ROST)

Pessagno I977a, p. 90, pI. 11, fig. 15.

Spongocapsula perampla (ROST)

7 Koeher 1981, p. 94, pI. 16, fig. 18.
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Baumgartner 1984, p. 785, pI. 8, fig. 17.

De Wever et a!. 1986b, pI. 10, figs. 16,20.

OZvoldova 1988, p. 2, fig. 7.

Steiger 1992, p. 66, fig. 9.

Spongocapsula sp. A
Yao 1984, pI. 3, fig. 20.

Matsuoka& Yao 1985, pI. 2, fig. 3.

Genus: Staurosphaera HAECKEL 1881

Type species: Staurosphaera crassa DUNIKOWSKI 1882

Staurosphaera antiqua (ROST) 1885
PI. 4, figs. 13-15

Staurosphaera antiqua ROST

RUst 1885, p. 289, pI. 28, fig. 2.

non Muzavor 1977, p. 52 pI. 1, fig. 8.

Baumgartner 1984, p. 785, pI. 8, fig. 18.

Ozvoldova 1990b, pI. 3, fig. 8.

Conti & Marcucci 1991, pI. 4, fig. 3.

Widz 1991, p. 254, pI. 4, fig. 5.

Emiluvia antiqua (ROST)

Pessagno 1977a, p. 76, pI. 4, figs. 9-10.

Kocher 1981, p. 63, pI. 13, fig. 4.

Emiluvia (?) antiqua (ROST)

Baumgartner 1985, fig. 38g.

Staurosphaera sp. A

Widz 1991, p. 254, pI. 4, fig. 4.

Staurosphaera sp. B
Widz 1991, p. 256, pI. 4, fig. 3.

Genus: Stichocapsa HAECKEL 1881

Type species: Stichocapsa jaspidea ROST 1885

* Stichocapsa naradaniensis MATSUOKA 1984
PI. 11, fig. 6

Stichocapsa sp. C
YaoetaI. 1982,pI.4,figs. 15-16.

Matsuoka 1982b, pI. 3, fig. 6.

Stichocapsa naradaniensis MATSUOKA

Matsuoka 1984, p. 145, pI. 1, figs. 1-5. pI. 2, figs. 1-6.

Matsuoka 1986c, pI. 3, fig. 18.

Matsuoka& Yao 1986, pI. 2, fig. 12, pI. 3, fig. 19.

Aita 1987, p. 67, pI. 6, figs. 9a-lOb.

Yao 1991, pI. 4, fig. 13.

Stichocapsa cf. naradaniensis MATSUOKA

Wakita 1988, pI. 4, fig. 18.

Stichocapsa robusta MATSUOKA 1984
PI. 13, figs. 12, 13 a,b

Stichocapsa convexa Y AO

Aita 1982, pI. 1, figs. 6-7b.
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Stichocapsa sp.

Sato et a!. 1982, pI. 4, fig. 1.

Stichocapsa robusta MATSUOKA

Matsuoka 1984, p. 146, pI. 1, figs. 6-13, pI. 2, figs. 7-12.

Kishida & Hisada 1986, fig. 2.16.

Aita 1987, p. 67, pI. 7, fig. la,b, pI. 11, figs. 11-12.

Matsuoka 1986c, pI. 1, fig. 12.

Matsuoka 1988, pI. 1, fig. 8.

Danelian 1989, p. 193, pI. 8, fig. 6-7.

Matsuoka 1990, pI. 1, fig. 10.

Yao 1991, pI. 4, fig. 8.

Matsuoka 1992, pI. 5, fig. 3.

Sano et a!. 1992, pI. 2, fig. P.

Genus: Stichomitra CAYEUX 1897

Type species: No type species has yet been designated
for Stichomitra in the sense in which this generic name
is now used world-wide.

Stichomitra communis SQUINABOL 1903
PI. 25, figs. 1-5

Stichomitra communis SQUINABOL

Squinabol 1903, p. 141, pI. 8, fig. 40.

Nakaseko et a!. 1979, p. 24, pI. 7, fig. 10.

Nakaseko & Nishimura 1981, p. 162, pI. 11, fig. 11; pI. 16,

fig. 14.
Taketani 1982a, p. 54, pI. 3, fig. 9; pI. 11, fig. 5.

Taketani 1982b, pI. 1, fig. 12.

Schaaf 1984, p. 162, fig. 8a,b.

Gorican 1987, p. 186, pI. 3, fig. 21.

Thurow 1988, p. 406, pI. 4, fig. 10.

Stichomitra sp.
Dumitrica 1975, Fig. 2.21.

Parvicingula? tekschaensis (ALlEV)

Schaaf 1981, p. 436, pI. 3, fig. 12; pI. 20, figs. 3a,b.

Stichomitra sp. cf. S. communis SQUINABOL

Thurow 1988, p. 406, pI. 4, fig. 10.

Stichomitra gr. asymbatos FOREMAN

Hernandez-Molina et aI. 1991, Fig. 11.4.

Stichomitra asymbatos FOREMAN

Marcucci Passerini et a!. 1991, Fig. 3e.

Marcucci Passerini & Gardin 1992, Fig. 40.

Stichomitra (?) takanoensis AITA 1987 gr.
PI. 23, fig. 16

Macrocephalic multicyrtid theoperid gen et sp. indet.

Baumgartner 1985, figs. 43 I,m.

Nassellaria gen. et sp. ind.

Conti 1986, pI. I, figs. 2, 3.

Stichomitra (?) takanoensis AITA

Aita 1987, p. 73, pI. 3, figs. 10a-l2; pI. 10, figs. 6-7.

Maate et aI. 1993, Fig. 3.4, 3.10.

Macrocephalic multicyrtid nassellarian



Gorican 1987, p. 184, pI. 2, figs. 16, 17.

Spongocapsa takanoensis (AlTA)

Yang & Wang 1990, p. 209, pI. 4, fig. 1.

Remarks: Generally no horn. Spongy structure vis
ible only distally, when present.

Stichomitra (?) sp. A
PI. 23, figs. 14-15

unidentified cyrtoid

Baumgartner 1985, Fig. 370.

g. et sp. indet.

De Wever & Miconnet 1985, pI. 4, fig. 13.

macrothoracic multicyrtid nassellarian

Gorican 1987, p. 184, pI. 2, figs. 18, 19.

Remarks: In the general shape, especially in the
shape of cephalis, this morphotype resembles Stichomi
tra (7) tairai AITA (1987, p. 72, pI. 3, figs. 7a-9; pI. 10,
figs. 3-4). It differs from the latter in the wall-structure
of the postcephalic segments, which can be well com
pared with that ofStichomitra takanoensis AITA.

Genus: Stylocapsa PRINCIPI 1909, emend. TAN 1927

Type species: Stylocapsa exagonata PRINCIPI 1909

* Stylocapsa catenarum MATSUOKA 1982a
PI. 11, figs. 3-5

Stylocapsa catenarum MATSUOKA

Matsuoka 1982a, p. 75, pI. 2, figs. 1-11.

Matsuoka 1982b, pI. 3, figs. 3-4.

Yao et aI. 1982, pI. 4, fig. 10.

Matsuoka 1983, p. 18, pI. 2, fig. 10; pI. 7, figs. 1-2.

Yao 1984, pI. 2, fig. 17-18.

Matsuoka 1986c, pI. 3, fig. 17.

Matsuoka & Yao 1986, pI. 2, fig. I I.

Wakita 1988, pI. 4, fig. 20.

Matsuoka 1990, pI. 2, fig. 4.

Yao 1991, pI. 4, fig. 6.

Stylocapsa (7) catenarum MATSUOKA

Aita 1987, p. 67, pI. 7, figs. 4a,b; 5a,b.

Stylocapsa (?) spiralis MATSUOKA 1982a gr.
PI. 11, figs. 1 a-e, 2

Stylocapsa (7) spiralis MATSUOKA

Matsuoka 1982a, p. 77, pI. 3, figs. 1-8.

Matsuoka 1982b, pI. 3, figs. 8-9.

YaoetaI.I982,pI.4,figs.11-12.

Yao 1984, pI. 2, figs. 15-16.

Matsuoka 1986c, pI. I, figs. 6, 7.

Matsuoka & Yao 1986, pI. 2, fig. 6, pI. 3, fig. 20.

Sato et aI. 1986, Fig. 17.20.

Aita 1987, p. 67, pI. 7, figs. 7a,b.

Wakita 1988, pI. 4, fig. 19.

Iwata & Tajika 1989, pI. 5, figs. 4, 5.

Yao 1991, pI. 4, fig. 5.

Matsuoka 1992, pI. 5, fig. 1.

Stylocapsa (7) spiralis MATSUOKA group

Matsuoka 1983, p. 18, pI. 2, figs. 5-9, pI. 6, figs. 14-15.

Genus: Suna WU 1986

Type species: Suna geometrica WU 1986

* Suna hybum (FOREMAN) 1975
PI. 2, fig. 1

Triactoma hybum FOREMAN

Foreman 1975, p. 609, pI. 2F, figs. 6, 7, pI. 3, figs. 7, 9.

Schaafl981, p. 440, pI. 12, fig. 7.

Thurow 1988, p. 407, pI. 9, fig. 11.

Tumanda 1989, p. 35, pI. I, fig. 6.

Taketani & Kanie 1992, Fig. 3.8.

Triactoma sp. cf. T echiodes FOREMAN

Foreman 1973, pI. 3, fig. 2, non fig. 3.

Suna geometrica Wu

Wu 1986, p. 357, pI. 2, fig. 12, 13.

Triactoma cfr. echinodes FOREMAN

Igo et al. 1987, Fig. 2.10.

Genus: Syringocapsa NEVIANI 1900

Type species: Themyringium robustum VINASSA 1900

Syringocapsa Iimatum FOREMAN 1973
PI. 16, fig. 8

Syringocapsa limatum FOREMAN

Foreman 1973, p. 268, pI. 11, figs. 6, 7, pI. 16, fig. 8

Foreman 1975, p. 617, pI. 2K, fig. 7

non Aita 1987, p. 68, pI. 12, fig. I.

non Kito 1989, p. 202, pI. 23, fig. 5.

Syringocapsa limata FOREMAN

Tumanda 1989, p. 40, pI. 2, fig. 2

Morosyringium limatum (FOREMAN)

7 Steiger 1992, p. 85, pI. 22, fig. 12.

Syringocapsa sp. A
PI. 16, figs. 6-7

Podobursa (7) polylophia FOREMAN

Aita & Okada 1986, p. 112, pI. 3, figs. 4-5.

Syringocapsa limatum FOREMAN

Aita 1987, p. 68, pI. 12, fig. 1.

Kito 1989, p. 202, pI. 23, fig. 5.

Syringocapsa sp.

De Wever et al. 1986b, pI. 10, fig. I.

Syringocapsa sp. A

Widz 1991, p. 256, pI. 4, fig. 6.
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Helocingulum polylophium (FOREMAN)

Steiger 1992, pI. 22, figs. 10, 11.

Remarks: This species differs form other similar
species like Podobursa (7) polylophia FOREMAN (1973,
p. 266, pI. 11, figs. 8-9) or Syringocapsa limatum
FOREMAN by a shorter proximal part, rather abrupt
transition to the inflated median portion and a shorter
apical horn. It differs from Syringocapsa lucifer
BAUMGARTNER (1984, p. 786, pI. 9, fig. 5) by having a
longer, larger and porous terminal tube.

Genus: Tetraditryma BAUMGARTNER 1980

Type species: Tetraditryma pseudoplena
BAUMGARTNER 1980

Remarks: Saldorfils PESSAGNO, BLOME & HULL
(Pessagno et aI., 1993) is not considered a different
genus.

Tetraditryma corralitosensis (PESSAGNO) 1977a
PI. 5, figs. 15-16

Crucella (7) corralitosensis PESSAGNO

Pessagno 1977a, p. 72, pI. 2, figs. 10-13.

Tetraditryma corralitosensis (PESSAGNO)

Baumgminer 1980, p. 296, pI. 7, figs. 12-15, pI. 11, fig. 13.

Kocher 1981, p. 98, pI. 16, fig. 31.

De Wever & Caby 1981, pI. 2, fig. 2G.

Baumgartner 1984, p. 787, pI. 9, figs. 6-7.

Aita 1985, fig. 6.1.

De Wever & Miconnet 1985, p. 390, pI. I, fig. 9.

Nagai 1985, pI. 3, fig. 4-4a.

Aita 1987, p. 64, pI. 9, fig. I.
De Wever et a!. 1987, pI. I, fig. A4.

Ozvoldova 1988, pI. 6, fig. 3.

Danelian 1989, p. 194, pI. 8, fig. 8.

Steiger 1992, p. 44, pI. 10, fig. 6.

Tetraditryma sp. cf. T. corralitosensis (PESSAGNO)

Wakita 1982, pI. 5, figs. 9-10.

Yang & Wang 1990, p. 200, pI. I, fig. 16.

Tetraditryma corralitosensis bifida CONT! & MARCUCCI

Conti & Marcucci 1991, p. 804, pI. 4, fig. 4-5.

Saldorfils coldspringensis PESSAGNO, BLaME & HULL

Pessagno et a!. 1993, p. 126, pI. 3, figs. 1,4,7.

Saldorfils corralitosensis (PESSAGNO)

Pessagno et a!. 1993, p. 126, pI. 3, fig. 13.

Saldorfils oregonensis PESSAGNO, BLOME & HULL

Pessagno et a!. 1993, p. 127, pI. 3, figs. 11, 12, 18.

Remarks: Saldorfus coldspringensis PESSAGNO,
BLOME & HULL and Saldorfils oregonensis PESSAGNO,
BLOME & HULL are not distinguished from Tetraditryma
corralitosensis (PESSAGNO).

* Tetraditryma pseudoplena BAUMGARTNER 1980
PI. 5, fig. 12
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Hagiastrum plenum RUST

Pessagno I977a, p. 72, pI. 2, fig. 14.

Tetraditryma pseudoplena BAUMGARTNER

Baumgartner 1980, p. 297, pI. I, fig. 9; pI. 7, figs. 1-11.

Baumgartner et a!. 1980, p. 63, pI. 2, fig. I.
Kocher 1981, p. 98, pI. 16, figs. 32-33.

Sato et a!. 1982, pI. 3, fig. 7.

Ishida 1983, pI. 11, fig. 7.

Baumgminer 1984, p. 788, pI. 9, figs, 12, 14.

Carayon et a!. 1984, pI. I, fig. 5.

7 Baumgartner 1985, Fig. 38. f.

Nagai 1985, pI. 4, figs. I, I a; 7 pI. 3, figs. 5, 5a;

Gorican 1987, p. 187, pI. I, fig. 10.

7 Ozvoldova & Petercakova 1987, pI. 35, fig. 4.

Ozvoldova 1990b, pI. 3, fig. 7.

Yang& Wang 1990, p. 200, pI. I, fig. 9.

Widz 1991, p. 256, pI. 4, fig. 9.

Tetraditryma cf. pseudoplena BAUMGARTNER

De Wever et a!. 1986b, pI. 8, fig. I.

Genus: Tetratrabs BAUMGARTNER 1980

Type species: Tetratrabs gratiosa BAUMGARTNER 1980

Tetratrabs bulbosa BAUMGARTNER 1980
PI. 5, fig. 7

Tetratrabs bulbosa BAUMGARTNER

Baumgartner 1980, p. 295, pI. 5, fig. I; pI. 6, figs. 1-3, 8.

Baumgartner et a!. 1980, p. 63, pI. 2, fig. 5.

Kocher 1981, p. 99, pI. 16, fig. 34.

Baumgartner 1984, p. 788, pI. 9, fig. 11.

De Wever et a!. 1986b, pI. 7, fig. 13.

Tetratrabs aff. zealis (OZVOLDOVA)

De Wever et a!. 1986b, pI. 7, figs. 14, 15.

Tetratrabs zealis (OZVOLDOVA) 1979
PI. 5, figs. 10-11

Crucella zealis OZVOLDOVA

OZvoldova 1979, p. 34, pI. 2, fig. I.
Tetratrabs gratiosa BAUMGARTNER

Baumgartner 1980, p. 295, pI. 1, fig. 11; pI. 5, figs. 2-7;

pI. 6, fig. 4-7, 9-14; pI. 11, figs. 7-9.

Baumgartner et a!. 1980, p. 63, pI. 2, fig. 6.

Ishida 1983, pI. 11, fig. 9.

Tetratrabs zealis (OZVOLDOVA)

Kocher 1981, p. 99, pI. 17, fig. I.

Matsuoka 1992, p l. 5, fig. 12.

Genus: Thanarla PESSAGNO 1977b

Type species: Dictyomitra veneta SQUINABOL 1903



* Thanarla elegantissima (CITA) 1964, sensu
SANFILIPPO & RIEDEL 1985

PI. 21, fig. 8

Lithocampe elegantissima CITA

Cita 1964, p. 148, pI. 12, figs. 2, 3

Riedel & Sanfilippo 1974, p. 779, pI. 6, figs. 8-10, pI. 13,

figs. 2-4

Nakaseko et al. 1979, p. 23, pI. 7, fig. 1

Lithocampe (7) elegantissima CITA

Pessagno 1976, p. 55, pI. 3, fig. 6

Thanarla elegantissima (CITA)

Pessagno 1977b, p. 46, pI. 7, fig. 10

70kamura 1980, pI. 21, fig. 1

Schmidt-Effing 1980, p. 246, figs. 2, 21, 22.

Matsuyama et al. 1982, pI. 2, fig. 2.

Mizutani et al. 1982, pI. 5, fig. 2.

Taketani 1982a, p. 59, pI. 4, fig. 12, pI. 11, figs. 17, 18.

Taketani 1982b, pI. 1, fig. 3.

Yamauchi 1982, pI. 1, fig. 16.

Schaaf 1984, p. 162, figs. 11 a,b.

Sanfilippo & Riedel 1985, p. 600, Fig. 8.1 a-e.

Thurow 1988, p. 407, pI. 4, fig. 11.

Kato & Iwata 1989, pI. 8, fig. I.
Marcucci Passerini et al. 1991, Fig. 3a, 3b.

Thanarla pulchra (SQUINABOL)

Nakaseko & Nishimura 1981, p. 163, pI. 7, figs. 4, 7 only.
Murata et al. 1982, pI. 2, fig. 9.

Kato & Iwata 1989, pI. 8, fig. 2.

Tumanda 1989, p. 40, pI. 3, fig. 17.

Thanarla praeveneta PESSAGNO 1977b
PI. 21, figs. 3-4

Thanarla praeveneta PESSAGNO

Pessagno 1977b, p. 46, pI. 7,fig. 1I, 16, 18,23,27.

De Wever & Thiebault 1981, p. 593, pI. 1, fig. 7.

Gorican 1987, p. 187, pI. 3, fig. 18.

Tumanda 1989, p. 40, pI. 8, fig. 1.

Taketani & Kanie 1992, Fig. 5.10.

non Steiger 1992, p. 89, pI. 26, fig. 7.

Archaeodictyomitra sp. aff. praeveneta (PESSAGNO)

Yao 1984, pI. 5, fig. 7.

Thanarla pulchra (SQUINABOL) 1904, sensu
SANFILIPPO & RIEDEL 1985

PI. 21, fig. 7

Sethamphora pulchra SQlJINABOL

Squinabol 1904, p. 213, pI. 5, fig. 8.

Dictyomitra pulchl'a (SQUINABOL)

Dumitrica 1975, p. 87, fig. 2.7.

Lithocampe elegantissima CITA

Foreman 1975, p. 616, pI. 2G, figs. 3, 4.
Muzavor 1977, p. 100, pI. 8, fig. I.
Aoki 1982, pI. 3, figs. 11-12.

Thanarla pulchra (SQUINABOL)

Pessagno I977b, p. 46, pI. 7, figs. 7, 21, 26.

Nakaseko & Nishimura 1981, p. 163, pI. 15, fig. 1I only.

Schaaf 1981, 439, pI. 4, fig. 10; pI. 19, figs. 7a,b.

Taketani I982a, p. 59, pI. 11, fig. 19.

Baumgartner 1984, p. 788, pI. 9, fig. 15.

Schaaf 1984, p. 133, figs. I, 5a,b; 7a,b only.

Sanfilippo & Riedel 1985, p. 600, Fig. 8.2a-e.

SuyarI 1986, pI. 2, fig. 1, non fig. 2.

Pavsic & Gorican 1987, p. 29, pI. 4, fig. 13.

Thurow 1988, p. 407, pI. 7, fig. 9.

Mm'cucci Pesserini et al. 1991, Fig. 3c.

Matsuoka 1992, pI. I, fig. 12.

Taketani & Kanie 1992, Fig. 5.11-12.

Lithocampe (7) elegantissima FOREMAN

Nakaseko et a!. 1979, p. 23, pI. 4, fig. 2

Thanarla pacifica NAKASEKO & NISHIMURA

Nakaseko & Nishimura 1981, p. 163, pI. 7, figs. 3a,b, 6,9;

pI. 15, fig. 14.

Thanarla sp. cf. T. pulchra (SQlJINABOL)

Okamura & Uto 1982, pI. 5, fig. 6

Yao 1984, pI. 4, fig. 10

Thanarla Archaeodictyomitra gr.

Okamura & Uto 1982, pI. 1, fig. 12 only.

Thanarla conica (ALlEv)

Kito 1987, pI. 3, pI. I.

Genus: Theocapsomma HAECKEL 1887, emend.
FOREMAN 1968

Type species: Theocapsa linnaei HAECKEL 1887

* Theocapsomma cordis KOCHER 1981
PI. 9, fig. 13

Theocapsomma cordis KOCHER

Kocher 1981, p. 100, pI. 17, figs. 2-4.

Baumgartner 1984, p. 789, pI. 9, figs. 16-17.

Yamamoto et al. 1985, p. 38, pI. 8, fig. 2, 3a,b.

Danelian 1989, p. 196, pI. 8, fig. 17.

Matsuoka 1990, pI. 2, fig. 3.

Genus: Transhsuum TAKEMURA 1986

Type species: Tl'anshsuum medium T AKEMURA 1986

Transhsuum brevicostatum (OZVOLDOVA) 1975 gr.
PI. 18, figs. 6-8

Dictyomitra sp. D.

Baumgartner & Bernoulli 1976, p. 6 I7, fig. I2j.
Lithostrobus brevicostatus OZVOLDOVA

Ozvoldova 1975, p. 84, pI. 102, fig. I.
7 Ozvoldova 1979, p. 259, pI. 5, fig. 2.

HSllllm brevicostatum (OZVOLDOVA)

Kocher 1981, p. 73, pI. 14, fig. 13.
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Baumgartner 1984, p. 769, pI. 5, figs. 1-2.

De Wever & Miconnet 1985, p. 387, pI. 4, fig. 12.

De Wever et al. 1986b, pI. 11, fig. 2.

non Matsuoka 1986a, pI. 2, fig. 10.

Ozvoldova & Petercakova 1987, pI. 33, fig. 3.

Ozvoldova 1988, pI. 6, fig. 1, 11.

Wakita 1988, pI. 3, fig. 12, pI. 4, fig. 6.

Matsuoka 1990, pI. 1, fig. 2.

OZvoldova 1990b, pI. 5, fig. 3.

Matsuoka 1992, pI. 5, fig. 7.

Widz 1991, p. 247, pI. 2, fig. 9.

7 Pessagno et al. 1993, p. 136, pI. 6, figs. 3, 4, 21, 23.

Hsuum maxwelli PESSAGNO

Mizutani 1981, p. 176, pI. 59, fig. 5.

Mizutani et al. 1982, pI. 4, fig. 4.

Remarks: Various morphotypes are included. They
have discontinuous costae limited to one segment, the
segmental division is thus appearant in outline. No api
cal horn.

Transhsuum hisuikyoense (ISOZAKI & MATSUDA)
1985

PI. 18, figs. 12-14

Hsuum sp. A

Kojima 1982, pI. 1, fig. 6.

Hsuum sp. a group

Kido et al. 1982, pI. 2, fig. 4.

Hsuum sp. B
7 Yao et al. 1982, pI. 3, fig. I.
Yao 1984, pI. I, fig. 2,71.

Kishida & Hisada 1986, text-fig. 7.2, 3.

Matsuoka 1986a, pI. 2, fig. 6.

Hsuum sp. G.
Kishida & Sugano 1982, pI. 8, figs 13-14, non fig. 15.

7 Nishizono & Murata 1983, pI. 5, fig. 5.

Sato et a!. 1986, Figs. 17.15, 17.16.

Parahsuum sp. D

Yao et a!. 1982, pI. 2, fig. 19.

Matsuoka & Yao 1986, pI. 1, fig. 7.

Hsuum spp.

Baumgartner 1985, Fig. 37p,q,r; Fig. 38s.

Hsuum hisuikyoense IS0ZAKI & MATSUDA

Isozaki & Matsuda 1985, p. 437, pI. 2, figs. 10-18.

Sashida 1988, p. 18, pI. 4, figs. 3, 6-8, 19, 20.

Matsuoka & Yao 1986, pI. I, fig. 8; pI. 3, fig. 4.

Hattori 1988a, pI. 13, fig. G.

Nagai 1988, pI. 1, fig. 8.

Hattori & Sakamoto 1989, pI. 15, figs. C,E, non fig. D.

Kito 1989, p. 179, pI. 20, figs. 7-13.

Hori 1990, Fig. 9.54.

Yao 1991, pI. 2, fig. 16.

Sano et al. 1992, pI. 2, fig. C.

Hsuum bipartitum GRILL & KOZUR

Grill & Kozur 1986, p. 256, pI. 5, figs. 1-6; pI. 7, fig. 6.
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Transhsuum medium T AKEMURA

Takemura 1986, p. 51, pI. 5, fig. 25 (only).

Hsuum brevicostatum (OZVOLDOVA)

Yokota & Sano 1986, pI. I, fig. 9.

Transhsuum aff. T medium TAKEMURA

Hattori 1987, pI. 17, figs. 5,6, non fig. 15.

Hsuum sp. aff. H. hisuikyoense IS0ZAKI & MATSUDA

Hattori & Sakamoto 1989, pI. 15, figs. F,H, non fig. G.

Hsuum sp. 1

Kito 1989, p. 180, pI. 20, figs. 14, 15,716,21,22.

Remarks: Included are specimens with a Parahsuum
like wall structure on the proximal part of the test and
strong short discontinuous costae distally.

Transhsuum fuchsi (GRILL & KOZUR)(Hsuum fuchsi
GRILL & KOZUR 1986, p. 255, pI. 6, figs. 1-3) with
blunt discontinuous costae on the whole test and a perfo
rate wall structure similar to that of Transhsuum okamu
rai (MIZUTANI), is considered a different species.

See also remarks under Parahsuum (?) grande HORI
&YAO.

Transhsuum okamurai (MIZUTANI) 1981
PI. 18, fig. 5

Pseudodictyomitra okamurai MIZUTANI

Mizutani 1981, p. 178, pI. 60, figs. 3-5.

Aoki & Tashiro 1982, pI. 2, fig. 10.
7 Wakita 1988, pI. 5, fig. 5; pI. 6, fig. 11.

Unnamed multicyrtoid nassellarian

Adachi 1982, pI. 3, fig. 4.

Hsuum okamurai (MIZUTANI)

Kiessling 1992, pI. I, fig. 6.

Transhsuum maxwelli (PESSAGNO) 1977a gr.
PI. 18, figs. 1-4

Hsuum maxwelli PESSAGNO

Pessagno 1977a, p. 81, pI. 7, figs. 14-16.

Kocher 1981, p. 73, pI. 14, fig. 14.

Dumitrica & Mello 1982, pI. 4, figs. 1-3.

Pessagno et al. 1984, p. 25, pI. 1, fig. 6.

De Wever& Cordey 1986, pI. 1, fig. I.
Kishida & Hisada 1986, fig. 2.10.

Matsuoka 1986a, pI. 2, figs. 11, 14, 16.

Matsuoka 1986c, pI. 2, fig. 15.

Matsuoka & Yao 1986, pI. 2, fig. 16.

Wakita 1988, pI. 4, figs. 4, 5; pI. 5, fig. 11.

Matsuoka 1990, pI. 1, fig. 12.

Widz 1991, p. 247, pI. 2, figs. 10-11.

Yao 1991, pI. 3, fig. 22.

Matsuoka 1992, pI. 4, fig. 4.

Hsuum sp. aff. H. maxwelli PESSAGNO

Pessagno 1977a, p. 82, pI. 8, figs. 1-2.

Baumgartner 1985, fig. 43 g.

Hsuum maxwelli PESSAGNO gr.

Baumgartner 1984, p. 769, pI. 5, figs. 3-4.



OZvoldova 1988, pI. 3, fig. 3; pI. 6, fig. 10.

Hsuum sp. A

Yamamoto et al. 1985, p. 35, pI. 5, fig. 2.

Hsuum sp. B

Yamamoto et al. 1985, p. 36, pI. 5, fig. 3.

Transhsuum maxwelli (PESSAGNO) gr.

Danelian 1989, p. 197, pI. 8, fig. 18-19.

Hsuum maxwelli PESSAGNO s.I.

Pessagno et aI. 1993, p. 136, pI. 6, fig.!.

Remarks: Distinction from other species same as by
Baumgartner (1984).

Genus: Triactoma RUST 1885

Type species: Triactoma tithonianum RUST 1885

* Triactoma blakei (PESSAGNO) 1977a
PI. 2, fig. 5-6

Tripocyclia blakei PESSAGNO

Pessagno 1977a, p. 80, pI. 6, figs. 15-16.

Ishida 1983, pI. 4, fig. 15.

Triactoma blakei (PESSAGNO)

Koeher 1981, p. 101, pI. 17, tlg. 5 (only).

non Mizutani 1981, p. 175, pI. 57, figs. 5-6.

non Adaehi 1982, pI. 5, tlg. 3.

non Baumgartner 1984, p. 789, pI. 10, tlg. 3.

non Yamamoto et al. 1985, p. 39, pI. 8, tlg. 5.

De Wever et al. 1986b, pI. 6, tlg. 23, non tlg. 15.

non Ozvoldova & Petercakova 1987, pI. 35, fig. 5.

non Wakita 1988, pI. 5, tlg. 23.

Pessagno et aI. 1989, p. 206, pI. 7, tlgs. 17, 19,24.

OZvoldova 1990b, pI. 1, tlg. 1.

Widz 1991, p. 256, pI. 4, tlg. 13.

Triactoma jonesi (PESSAGNO) 1977a
PI. 2, figs. 8-9

Tripocycliajonesi PESSAGNO

Pessagno 1977a, p. 80, pI. 7, figs. 1-5.

Triactomajonesi (PESSAGNO)

Koeher 1981, p. 102, pI. 17, fig. 10.

Baumgartner 1984, p. 790, pI. 10, tlg. 4.

non Ozvoldova & Sykora 1984, p. 272, pI. 11, fig. 5, pI. 10,

tlg.4.

non De Wever et al. 1986b, pI. 6, tlg. 16.

Kishida & Hisada 1986, fig. 2.22.

Gorican 1987, p. 187, pI. 1, fig. 16.

Conti & Mareueei 1991, pI. 4, tlgs. 7-8.

Tripocyclia trigonum ROST

Sashida et al. 1982, pI. 1, fig. 5.

Ishida 1983, pI. 4, fig. 14.

Tripocycliajonesi PESSAGNO emend. PESSAGNO & YANG

Pessagno et al. 1989, p. 222, pI. 7, tlgs. 5, 11,21.

Yang & Wang 1990, p. 206, pI. 2, fig. 9.

Pessagno et aI. 1993, p. 134, pI. 5, figs. 3, 21.

Tripocyclia sp. B.
Widz 1991, p. 257, pI. 4, fig. 12.

* Triactoma parablakei YANG & WANG 1990
PI. 2, fig. 4

Triactoma blakei (PESSAGNO)

Baumgartner 1984, p. 789, pI. 10, fig. 3.

Yamamoto et aI. 1985, p. 39, pI. 8, fig. 5.

Ozvoldova & Petercakova 1987, pI. 35, tlg. 5.

Triactoma sp.

7 De Wever & Mieonnet 1985, pI. 4, tlg. 15.

Triactoma parablakei YANG & WANG

Yang& Wang 1990, p. 206, pI. 3, tlgs. 9,15.

* Triactoma er. southforkensis PESSAGNO & YANG, in
Pessagno et al. 1989

PI. 2, fig. 7

Triactoma southforkensis PESSAGNO & YANG

ef. Pessagno et al. 1989, p. 224, pI. 5, tlgs. 1-3, 16,21.

Remarks: The illustrated specimen differs from the
type material by having narrow shallow secondary
grooves on the ridges of the spines.

Genus: Tricapsula WU 1986

Type species: Tricapsula costata WU 1986

Remarks: Tricolocapsa plicarum YAO was originally
designated as the type species of Tricapsula (Wu,
1986). In this paper Tricolocapsa plicarum YAO and
Tricapsula costata Wu are assigned to different genera,
Tricapsula costata is considered the type species of the
genus Tricapsula.

Tricapsula costata WU
PI. 10, figs. 3-4

Theocorys antiqua SQUINABOL

Riedel & Sant1lippo 1974, p. 781, pI. 10, tlg. 9,

non tlgs. 10, 11.

Sanfilippo & Riede11985, p. 623, tlg. 14.6d only.

Tricapsula costata Wu

Wu 1986, p. 359, pI. 3, figs. 6, 16, 17.

Protunuma sp.
Tumanda 1989, pI. 6, fig. 19.

Ozvoldova 1990a, p. 143, pI. 2, figs. 4, 5.

Cyrtophormis (7) costata SQUINABOL

Aguado et aI. 1991, Fig. 7.15.

Remarks: Longitudinal rows of pores are present be
tween the adjacent plicae as well as on their surface.
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Genus: Tricolocapsa HAECKEL 1881

Type species: Tricolocapsa theophrasti HAECKEL 1887
(subsequent designation by CampbeIl1954).

Tricolocapsa conexa MATSUOKA 1983
PI. 11, figs. 7 a,b, 8-9, 10 a,b

Tricolocapsa plicarum YAO

Sashida et a!. 1982, pI. 1, fig. 2.

Ishida 1983, pI. 8, fig. 9.

Tricolocapsa sp. a

Kido et a!. 1982, pI. 5, fig. 5.

Tricolocapsa aff. plicarum

Matsuoka 1982b, pI. 3, fig. 15.

Tricolocapsa sp. E
Aita 1982, pI. 2, figs. 5a,b, non fig. 4.

Gongylothorax ? sp.
Kishida & Sugano 1982, pI. 8, fig. 22, non fig. 21.

Tricolocapsa conexa MATSUOKA

Matsuoka 1983, p. 20, pI. 3, figs. 3-7; pI. 7, figs. 11-14.

Yao 1984, pI. 2, figs. 2-4.

Yamamoto et a!' 1985, p. 39, pI. 8, figs. 7a,b.

Kishida & Hisada 1986, fig. 2.17.

Matsuoka 1986b, fig. 3d-f.

Matsuoka 1986c, pI. I, figs. 9, 10.

Matsuoka & Yao 1986, pI. I, fig. 17, pI. 3, fig. 18.

Aita 1987, p. 68, pI. 7, figs. 9a,b.

Matsuoka 1988, pI. I, figs. 3-5.

Ozvoldova 1988, pI. 7, figs. 9, 10.

Danelian 1989, p. 204, pI. 9, figs. 7-10.

Matsuoka 1990, pI. I, fig. 13, pI. 2, fig. 13.

Kozur 1991, pI. 3, fig. I.
Yao 1991, pI. 3, fig. 2.

Sano et a!' 1992, pI. 2, fig. T.

Remarks: Some specimens display only very faint
transverse ridges between adjacent longitudinal plicae
(pI. 11, fig. 7a,b).

* Tricolocapsa (?) fusiformis YAO 1979
PI. 9, fig. 14

Tricolocapsa (?)filsiformis YAO

Yao 1979, p. 33, pI. 4, figs. 12-18, pI. 5, figs. 1-4.

Wakita & Okamura 1982, pI. 7 fig. 10.

Kojima 1982, pI. 2, fig. 2.

Wakita 1982, pI. 3, fig. 4.

Kido et a!' 1982, pI. 5, fig. 3.

Matsuoka 1982b, pI. I, figs. 17-19.

Matsuoka 1983, p. 19, pI. 2, fig. 11; pI. 8, fig. I.
Matsuoka& Yao 1986, pI. I, fig. 14, pI. 3, fig. 8.

Yokota & Sano 1986, pI. I, fig. 7.

Kojima 1989, pI. 2, figs. 4a,b.

Yao 1991, pI. 3, fig 2.

Japonocapsa filsiformis (YAO)

Grill & Kozur 1986, pI. 2, fig. 2.
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Protunuma fusiformis ICHIKAWA & YAO

Sano et a!' 1992, pI. 2, fig. R.

Tricolocapsa tetragona MATSUOKA 1983
PI. 13, figs. 8, 10

Tricolocapsa sp. N
Matsuoka 1982b, pI. 2, figs. 13, 17.

Tricolocapsa sp. E
Aita 1982, pI. 2, fig. 4, non figs. 5a,b.

Tricolocapsa tetragona MATSUOKA

Matsuoka 1983, p. 22, pI. 3, figs. 8-12, pI. 8, figs. 4-10.

Yao 1984, pI. 2, figs. 5, 6.

Matsuoka & Yao 1986, pI. 1, fig. 18, fig. 18.

Aita 1987, p. 68, pI. 7, figs. 11 a,b.

Sato et al. 1986, Fig. 17.18.

Yao 1991, pI. 3, fig. 3.

Maate et al. 1993, Fig. 3.18.

* Tricolocapsa sp. A
PI. 11, figs. 11a,b, 12a,b, 13a,b

Remarks: This species is characterized by an irregu
lar network of ridges, generally encompassing one,
rarely more (p I. 11, fig. 13) circular pores. A large aper
ture and a deep perforate depression present at the base.

Tricolocapsa sp. A differs from T. conexa MATSU
OKA by lacking distinct longitudinal plicae. It differs
fi'om Stylocapsa lacrimalis MATSUOKA (1983, p. 16, pI.
I, figs 12-13; pI. 7, figs. 3-10) by the number of seg
ments and larger size.

Genus: Trillus PESSAGNO & BLOME 1980

Type species: Trillus seidersi PESSAGNO & BLOME 1980

Trillus spp.
PI. 1, fig. 1

Remarks: The taxon is treated on the generic level.

Genus: Tritrabs BAUMGARTNER 1980

Type species: Paronaella (7) casmaliaensis PESSAGNO
1977a

Tritrabs casmaliaensis (PESSAGNO) 1977a
PI. 5, figs. 8-9

Paronaella (?) casmaliaensis PESSAGNO

Pessagno 1977a, p. 69, pI. I, figs. 6-8.

Tritrabs casmaliaensis (PESSAGNO)

Baumgartner 1980, p. 293, pI. I, fig. 10; pI. 4, fig. 11;

pI. 11, fig. 10.

Kocher 1981, p. 105, pI. 17, fig. 18.

Ishida 1983, pI. 10, fig. 6.

Baumgartner 1984, p. 791, pI. 10, fig. 9.



Baumgartner 1985, fig. 43a.
OZvoIdova 1988, pI. 8, fig. 8.

DaneIian 1989, p. 206, pI. 9, fig. 13-14.

Kito 1989, pI. 8, fig. I.

OZvoIdova 1990b pI. I, fig. 8.
Conti & Marcucci 1991, pI. 4, fig. 11.

Widz 1991, p. 257, pI. 4, fig. 17.

Steiger 1992, p. 41, pI. 8, fig. I, non figs. 2-3.
Tritrabs sp. A

Ishida 1983, pI. 10, fig. 8.

Tritrabs aff casmaliaensis (PESSAGNO)

De Wever et al. 1986b, pI. 8, fig. 12.
Tritrabs rhododactylus BAUMGARTNER

Conti & Marcucci 1991, pI. 4, fig. 10.

Tritrabs exotica PESSAGNO 1977a gr.
PI. 5, figs. 3-6

Paronaella (?) exotica PESSAGNO

Pessagno 1977a, p. 70, pI. I, figs. 12-13.

Tritrabs exotica (PESSAGNO)

Baumgartner 1980, p. 294, pI. 4, fig. 16.

Kocher 1981, pI. 17, fig. 20.
Baumgartner 1984, p. 791, pI. 10, fig. 11.

De Wever et al. 1986b, pI. 8, fig. 19.

Kito 1989, p. 121, pI. 13, figs. 16-17.

Ozvoldova 1990b, pI. I, fig. 4; pI. 4, fig. 3.
Steiger 1992, p. 39, pI. 7, figs. 8-10.

Tritrabs rhododactylus BAUMGARTNER

Baumgminer 1980, p. 294, pI. 4, figs. 12-15; pI. 11, fig. 15.

? Ishida 1983, pI. 10, fig. 10.
Baumgm1ner 1984, p. 791, pI. 10, fig. 13.
De Wever et al. I986b, pI. 8, fig. I I.
DaneIian 1989, p. 208, pI. 10, figs. 2-5.
Kito 1989, p. 122, pI. 13, figs. 12-14.

Steiger 1992, p. 39, pI. 7, fig. 7.

Tritrabs rhododactyla BAUMGARTNER

Kocher 1981, p. 106, pI. 17, fig. 22.

Tritrabs cf exotica (PESSAGNO)

De Wever et aI. 1986b, pI. 8, fig. 14.

Danelian 1989, p. 208, pI. 10, fig. I.
Tritrabs sp. afT. T. rhododactylus BAUMGARTNER

Conti & Mm'cucci 1991, pI. 4, fig. 12.

Remarks: Tritrabs rhododactylus BAUMGARTNER is
considered a synonym of Tritrabs exotica (PESSAGNO).

Equal or unequal interradial angles may develop with
otherwise identical specimens. No difference in the stra
tigraphic range of these two morphotypes has been ob
served in our material.

Genus: Turanta PESSAGNO & BLOME 1982

Type species: Turanta capsensis PESSAGNO & BLOME

1982

Turanta spp.
PI. 26, fig. 15

Remarks: Representatives of the genus Turanta
rarely occur, therefore they are not distinguished in the
species level.

Genus: Unuma lCHlKAWA & Y AO 1976

Type species: Unuma (Unuma) typicus lCHlKAWA &

YAol976

Unuma darnoensis KOZUR 1991
PI. 10, figs. 7-8, 9a,b

Unuma (Unuma) sp.
Owada & Saka 1982, pI. 2, fig. 4.

Unuma sp. A

? Wakita 1982, pI. 4, fig. I.
Protunuma sp.

Hattori & Sakamoto 1989, pI. 19, fig. 1.

Unuma darnoensis KOZUR

Kozur 1991, pI. 2, fig. 2.

Remarks: Unuma darnoensis KOZUR differs from U
typicus ICHlKAWA & Y AO by a more inflated last seg
ment, smaller hemispherical apertural cap and more pli
cae visible laterally. Compared to U latusicostatus AITA

it shows no abrupt change in width between the conical
and the inflated portion of the test and no spines on the
plicae.

The species name is tentatively used in this paper,
since the original assignment by Kozur (1991) lacks a
description.

Unuma echinatus ICHlKAWA& YAO 1976
PI. 10, figs. 10-11

Unuma echinatus ICHIKAWA & YAO

Ichikawa & Yao 1976, p. 112, pI. I, figs. 5-6; pI. 2,
figs. 5-7.

Yao et al. 1982, pI. 3, fig. 5
Mizutani & Koike 1982, pI. 2, fig. 6.
Wakita 1982, pI. 3, figs. 11-12.
Matsuoka 1982b, pI. I, fig. la,b, 21.
Nishizono et al. 1982, pI. 2, fig. 20.
Kishida & Sugano 1982, pI. I I, figs. 6-8.
Ishida 1983, pI. 4, figs. 7-8.
Baumgartner 1984, p. 792, pI. 10, figs. 14-15.
Yao 1984, pI. I, fig. 13.
Baumgartner 1985, Fig. 37 I,m.
De Wever & Cordey 1986, pI. I, fig. 12.
Grill & Kozur 1986, pI. I, fig. I.
Matsuoka & Yao 1986, pI. I, fig. 3; pI. 3, fig. 11.
Takemura 1986, p. 58, pI. 8, figs. 14-15.

Gorican 1987, p. 188, pI. 2, fig. 5.
Hattori 1987, pI. 14, Jigs. 2, 3.
Hattori 1988a, pI. 8, fig. B.
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Hattori & Sakamoto 1989, pI. 8, figs. L, M; pI. 9, fig. A.
Kilo 1989, p. 213, pI. 24, fig. 11-12,7 fig. 10

Yao 1991, pI. 3, fig. 8.

Sano et al. 1992, pI. 2, fig. N.

Unuma sp. ef. U. echinatus ICHlKAWA & YAO

Kido et al. 1982, pI. 3, fig. 10.

Unuma typicus ICHIKAWA & YAO

Nishizono et al. 1982, pI. 2, fig. 19.

Unuma sp. aff. U. echinatus ICHIKAWA& YAO

Hattori I988a, pI. 8, fig. C.

Unuma sp. B

Hattori 1987, pI. 14, fig. 4.

Unuma latusicostatus (AITA) 1987

PI. 10, fig. 12

Unuma 7 sp. C
Ishida 1983, pI. 8, fig. 4.

Unuma sp.B

Ishida 1983, pI. 8, fig. 5.

Tricolocapsa laticostata AITA
Aita 1985, fig. 7.8-9.

Tricolocapsa latusicostata AlTA
Aita 1987, p. 76, pI. 4, figs. 7a-8b; pI. 10, figs. 8-9.

Csontos et al. 1991, pI. I, fig. 2.

Unuma latusicostatus (AlTA)
Maate et al. 1993, Fig. 3.20, 3.21.

Unuma typicus ICHIKAWA & YAO 1976

PI. 10, fig. 13

Unuma typicus ICHIKAWA & Y AO

Ichikawa & Yao 1976, p. 112, pI. I, figs. 1-3.

non Nishizono et al. 1982, pI. 2, fig. 19.

Yao et al. 1982, pI. 3, fig. 6.

Ishida 1983, pI. 4, fig. 9.

Matsuoka & Yao 1986, pI. I, fig. 12; pI. 3, fig. 12.

Sato et al. 1986, Fig. 17.14.

Takemura 1986, p. 58, pI. 8, fig. 16.

Gorican 1987, p. 188, pI. 2, fig. 4.

non Hattori 1987, pI. 14, fig. 6.
Hattori 1988a, pI. 8, fig. A.
Hattori & Sakamoto 1989, pI. 8, fig. J, non fig. K.
non Kito 1989, p. 2 I4, pI. 24, figs. 7-9.

Yao 1991, pI. 3, fig. 9.

7PessagnoetaI.1993,p.161,pI.8,fig.20.

Genus: WilIiriedellum DUMITRICA 1970

Type ::.pecies: Williriedellllm crystallinllm DUMITRICA

1970

WilIiriedeIlum carpathicum DUMITRICA 1970

PI. 12, figs. 6 a,b, 7--8

Williriede/lum carpathicum DUMITRICA

Dumitriea 1970, p. 70, pI. 9, fig. 56a,b, 57-59; pI. 10,

fig. 6 I.
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Aita 1982, pI. 3, fig. 6.

Aoki & Tashiro 1982, pI. 4, figs. I5a,b; pI. 5, figs. 5a,b, 11,

12a,b.

OZvoldova I990b, pI. 5, figs. 2, 4.

Widz & De Wever 1993, p. 88, pI. 2, figs. 4-6.

Tricolocapsa sp. 0
Yao et al. 1982, pI. 4, fig. 2 I.
Yao 1984, pI. 2, figs. 31-32.

Matsuoka& Yao 1986, pI. 2, fig. 13.

Tricolocapsa yaoi MATSUOKA

Matsuoka 1986e, p. 106, pI. 2, figs. 1-4. pI. 3, figs. 1-8.

Yao 1991, pI. 4, fig. 16.

Matsuoka 1992, pI. 4, fig. 6.

Tricolocapsa cf. yaoi MATSUOKA & Y AO

7 Wakita 1988, pI. 5, fig. 18.

Tricolocapsa sp. B

OZvoldova 1988, p. 389, pI. 2, fig. 4; pI. 7, 7 fig. 4.

OZvoldova 1992, p. 115, pI. 2, fig. 9.

WilIiriedellum crystaIlinum DUMITRICA 1970

PI. 12, figs. 1,2 a-c

Williriede/lum crystallinum DUMITRICA

Dumitriea 1970, p. 69, pI. 10, figs. 60a-e, 62, 63.

Widz 1991, p. 257, pI. 4, figs. 21, 22.

Williriededellum ef. Clystallinum DUMITRICA

Adaehi 1982, pI. 4, figs. 8, 79.

Yamamoto 1983, pI. 1, fig. 6.

Wakita 1988, pI. 5, fig. 25; pI. 6, fig. 18.

Kiessling 1992, pI. I, fig. 14.

WilIiriedellum sp. A sensu MATSUOKA 1983

PI. 12, figs. 9 a-c, 10 a-c, 11 a,b

Hemiclyptocapsa capita TAN SIN HOK

Dumilriea & Mello 1982, pI. 3, fig. 3.

Tricolocapsa sp. I
Matsuoka I982b, pI. 2, fig. 14; pI. 3, fig. 14.

Yao et al. 1982, pI. 4, fig. 14.

Williriedellum sp. A gr. MATSUOKA

Matsuoka 1983, p. 23, pI. 4, figs. 1-3; pI. 8, figs. 11-15.

Gorican 1987, p. 188, pI. 3, figs. 15, 16.

Wakita 1988, pI. 4, fig. 22.

Williriedellum sp. A
Matsuoka 1985, pI. I, fig. 6.

Matsuoka 1986e, pI. I, fig. 8; pI. 2, fig. 6.

Aita 1987, p. 68, pI. 7, fig. 15a,b.

Matsuoka 1992, pI. 4, fig. 7.

Maate et al. 1993, Fig. 3. I9.

Williriede/lum sp.

Yamamoto et al. 1985, p. 40, pI. 9, fig. 8.

Remarks: The specimens included vmy by the de

gree of encasement of the cephalo-thorax in the abdo

men and by the number of larger pores at the basal ap

pendage.



Genus: Wrangellium PESSAGNO & WHALEN 1982

Type species: Wrangellium thurstonense PESSAGNO &
WHALEN 1982

* Wrangellium sp.
PI. 17, fig. 16

Genus: Xitus PESSAGNO 1977b

Type species: Xitus plenus PESSAGNO 1977b

* Xitus gifuensis MIZUTANI 1981
PI. 25, figs. 11-12

Xitus gifuensis MIZUTANI

Mizutani 1981, p. 180, pI. 59, figs. 1, 2a,b, 3, 4.

Adachi 1982, pI. 3, figs. 1-2.

Yamamoto 1983, pI. 1, fig. 5.

Wakita 1988, pI. 5, 7 fig. 9; pI. 6, fig. 20.

Remarks: Similar but somewhat higher forms with
weaker nodes were found stratigraphically bellow Xitus
gifuensis MIZUTANI (Xitus cf. gifuensis, pI. 25, fig. 16).

Xitus sp. A sensu WIDZ 1991
PI. 25, figs. 13-15

Xitus cf. spicularius (ALlEV)

De Wever et al. 1986b, pI. 11, fig. 4.

Xitus aff. spicularius (ALlEV)

De Wever et al. 1986b, pI. 11, fig. 5.

Xitus sp. A
Widz 1991, p. 257, pI. 4, fig. 26.

Remarks: This species differs from Xitus spicularius
(ALlEY) (Dictyomitra spicularia ALlEY 1965, p. 39, pI.
6, fig. 9) by having equally sized instead of alternating
small and large nodes.

Xitus (?) sp. sensu STEIGER 1992
PI. 25, fig. 10

Gen. et sp. indet.

Schaaf 1984, p. 152-153, fig. 2.

Xitus sp.

Steiger 1992, p. 89, pI. 26, figs. 12, 13.

Remarks: For description see Steiger (1992). This
species differs from Eucyrtidium ? monokawaense
TUMANDA (1989, p. 32, pI. 4, figs. 9-10; pI. 10, figs. I-b),
to which it is appearently related, by the test increasing
less rapidly in width, having a narrowed prolongation of
the last segment and lacking pores on the blunt ridges.

Genus: Yamatoum TAKEMURA 1986

Type species: Yamatoum elegans TAKEMURA 1986

* Yamatoum spp.
PI. 10, figs. 14-15

Remarks: Forms with two horizontally arranged
rows of spines are included. The terminal portion is
usually broken off, which makes the distinction among
Yamatoum komaniense TAKEMURA (1986, p. 56, pI. 7,
figs. 19-22), Y spinosum TAKEMURA (1986, p. 56, pI. 8,
figs.l-3) and Y caudatum TAKEMURA (1986, p. 57, pI. 8,
figs. 7-9) impossible.

* Yamatoum (?) sp. A
PI. 10, fig. 16

Stichocapsa sp. A
Mizutani & Koike 1982, pI. 2, figs. 1, 2a,b.

Stichocapsa (7) sp. A

Wakita 1982, pI. 3, fig. 8.

Stichocapsa sp. B

Yamamoto et al. 1985, p. 38, pI. 7, fig. 6.

Stichocapsa (7) sp. 0
Hattori 1987, pI. 13, fig. 11.

Genus: Zartus PESSAGNO & BLOME 1980

Type species: Zartusjonesi PESSAGNO & BLOME 1980

Zartus spp.
PI. 1, figs. 2-4

Remarks: The taxon is treated on the generic level.

Genus: Zhamoidellum DUMITRICA 1970

Type species: Zhamoidellum ventricosum DUMITRICA
1970

Zhamoidellum ovum DUMITRICA 1970
PI. 13, figs. 3-4, 5 a,b, 6-7

Zhamoidellum ovum DUMITRICA
Dumitrica 1970, p. 79, pI. 9, figs. 52a,b, 53, 54.

Aoki & Tashiro 1982, pI. 3, fig. 8, non fig. 10; pI. 5,

figs. 13, 17a,b.

Dumitrica & Mello 1982, pI. 3, fig. 13.

OZvoldova 1988, pI. 7, fig. 3.

Widz 1991, p. 257, pI. 4, fig. 19.

Kiessling & Zeiss p. 191, pI. 2, fig. 7.

Zhamoidellum sp. A
Aita 1982, pI. 3, figs. 7-8b.

Tricolocapsa sp. A

7 Yao 1984, pI. 3, figs, 10, 11.

Zhamoidellum mikamense AITA

Aita 1985, fig. 7:10-11.

Aita 1987, p. 74, pI. 4, figs. 9a,b; pI. 10, figs. 10, I!.

lwata & Tajika 1989, pI. 5, fig. 2.

97



Matsuoka 1992, pI. 3, fig. 3; pI. 4, fig. 8.

Tricolocapsa sp.
? Wakita 1988, pI. 5, fig. 19.

Complexopora tirolica KIESSLlNG

Kiessling & Zeiss 1992, p. 191, pI. I, figs. 1-9; pI. 2,
figs. 1-2.

Complexopora sp. A
Kiessling & Zeiss 1992, p. I, figs. 10-11.

Complexopora sp. B

Kiessling & Zeiss 1992, p. 191, pI. I, fig. 12.

Remarks: This species as defined by Dumitrica
(1970) shows a large variability of the shape of the ab
domen. Pore frames are usually well developed. Zhamo-
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Appendix 1

Radiolarian inventory of the samples studied. Each
radiolarian taxon is represented by a numerical code to
enable computer treatment of data by the BioGraph pro
gram (Savary & Guex, 1991). Species within brackets

"BDDVA Jurassic-Cretaceous"

were not treated in constructing the protoreferential.
Sample numbers are given in parenthesis (see figs. 2.1
to 2.5 for the stratigraphic position of the samples in the
different sections).

SECTION 2 VERIGE: bottom 1 top 5

< 5{Ve 10}: 1114, 3170, 3171, 3216, 3241, 3292, 4015, 4073
< 4 {Ve 9 }: 1040, 1054, 3017, 3145, 3161, 3170, 3171, 3182, 3224, 3241,

3263, { 3267,} 3274, 3292, 4015
< 3{Ve 8}: 1040, 1114, 1116, 3017, 3065, 3069, 3145, 3161, 3170, 3171, 3241,

3263, 3274, 3292
< 2{Ve 7}: 3161, 3224, 3241, { 3267,} 3274
< l{Ve 6}: 3069, 3241, 3292, 4073

SECTION 3_BIJELA_I: bottom 1 - top 7

< 7{Bj IS}: 3065, 3069, 3090, 3122, 3181, 3193, 3199, 3224, 3241, 3263, 3292,
3305, 4055, 4079

< 6{Bj 14}: 2018, 3046, 3110, 3117, 3121, 3176, 3180, 3199, 3210, 3215, 3297,
3298

< 5{Bj 13}: 3237, 3273, 4044, 4054, 4060
< 4{Bj 12}: 1117, 2018, 3096, 3110, 3181, 3192, { 3197,} 3210, 3237, 3271, 4010,

4034, 4044, 4063
< 3{Bj 11}: 1079, 3052, 3089, 3192, { 3197,} 3231, 4010, 4044, 4058
< 2{Bj 10}: 1117, { 1120,} 2018, 3039, 3041, 3073, 3074, 3089, 3096, 3194, 3195,

3253, { 4059,} 4059
< l{Bj 9}: 3006, 3010, 3048, 3072, 3074, 3151, 3194, 3195

SECTION 3_1_BIJELA_II: bottom 1 - top 2

< 2{Bj 15/2}: 3161, 3171, 3177, 3241, 3274
< l{Bj 15/l}: 1116, { 1121,} 2018, 3017, 3065, 3069, 3100, 3137, 3181, 3193,

3210,3224,3243,3305,4055,4079

SECTION 3_2_BIJELA_III/IV: bottom 1 - top 10

< 10{Bj 21}: 2002, 2004, 2008, 2010, 2013, 2014, 2016, 5582, { 6107}
< 9{Bj 20+4.60}: 2001, 2002,{ 2005,} 2013,2017,2025, 3090,{ 6107}
< 8{Bj 20+3.10}: 2001, 2008, 2013, 2017, 2025, 3090
< 7{Bj 20}: { 1122,} 2001, 2002, 2007, 2008, 2013, 2020, 2025, 3065,

5073, { 6107}
< 6{Bj 19}: 3065, 3090, 5073
< 5{Bj 18+1.50}: 2012, 2018, 2026, 3090, { 3092,} 5012, { 5049,} 5073, { 5422,}

5462, 5595, 5712, { 6107}
< 4{Bj 18}: 2018, 2026, 3065, 3185, 5012, 5462, 5595, 5712, { 6107}
< 3{Bj 17}: 3087, 3185, 4026, 5073, 5229, 5426, 5462, 5481, 5636, 5712
< 2{BjIII 3.00}: 1114, { IllS,} 1117, 2018, 3069, 3161, 3170, 3171, 3177, 3182,

3216, 3241, 3243, { 3267,} 3274, 3292, 4015, 4055, 4073, 4079
< l{BjIII 0.40}: 1054, 1114, 1116, 2018, 3017, 3066, 3122, 3161, 3170, 3171,

3182, 3216, 3224, 3241, 3274, 3292, 4073
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SECTION 4_GORNJA_LASTVA: bottom 1 - top 23

< 23{GL 215}: 2002, 2004, 2010, 2011, 2014, 2016, 5582, { 6107}
< 22{GL 9}: 2002, 2008, 2013, 2017, 3090, 5073, 5582, { 6107}
< 21{GL 144}: 2012, 2025, 2026, 3065, { 3092,} 3287, 4073, 5012, 5204, 5712
< 20{GL 214}: 3087, 3090, 3185, 4026, 5011, 5229
< 19: {GL 142}: 1050, 1104, 2018, 3019, 3065, 3087, 3090, { 3092,} 3185, 3255,

3263, 3284, 4035, 6101
< 18{GL 139}: 1014, 1104,2018,3065,3087,3171,3255,3263, 3287,{ 6107}
< 17 {GL 13 8 }: 1014, 1050, 1054, 11 0 4, { 1124,} 2018, 3019, 3065, 3087,

3161, { 3165,} 3170, 3171, 3185, 3241, 3263, 3286, 3287, 3292, { 3294,} 3305,
4035, 6101

< 16{GL 137}: 3145, 3161, 3170, 3171, 4015
< 15{GL 210}: 1114, 1116, 2018, 3145, 3161, 3170, 3171, 3216, 3274, 3292, 4073
< 14{GL 209+6.60}: { 1028,} 1040,{ 1110,} 1114,1116, 1117,{ 1123,} 2018,3017,

3065, 3069, 3090, 3103, 3117, 3121, 3122, { 3129,} { 3133,} 3137,
3139, { 3140,} 3145, 3161, 3162, 3170, 3181, 3193, { 3197,} 3199, 3204, 3210,
3215, 3216, 3224, 3225, 3230, 3241, 3243, 3263, { 3267,} 3274, 3292, 3305,
4015, 4055, 4073, 4079

< 13{GL 209}: 1032, 1037, { 1110,} 1116, 2018, 3008, { 3014,} 3017, 3052, 3100,
3103, 3117, 3121, 3137, 3139, 3193, 3205, 3210, 3215, 3223, 3224,
3243, { 3279,} 3292, 4055, 4060

< 12{GL 208+1.00}: 1113, 1117, 3046, 3052, 3176, 3180, 3193, 3297, 3298, 4014,
4060

< l1{GL 208}: 3117, 3273, 3298
< 10{GL 207}: 1113, 2018, 3110, 3117, 3180, 3181, { 3197,} 3210, 3215, { 3221,}

3223, 3273,{ 3277,}{ 3279,} 3297,4010,4014,4044
< 9{GL 135}: 1117, 3052, 3180, 3181, { 3197,} 3237, 4014, 4034, 4044, 4054
< 8{GL 134}: 3052, 3096, 3181, { 3197,} 3210, 3223, 3271, 3273, 4010, 4034,

4044, 4058
< 7{GL 6}: 1079,{ 1119,} 3089,3096,3181, 3192,{ 3197,} 3210,3237,3253,

4014, 4044, 4058, 4060
< 6{GL 132}: 1079, 3052, 3192,{ 3197,} 3231,{ 3558,}{ 4009,} 4010,4034,4044
< 5{ZB 28}: 1079,{ 1111,} 1117,{ 1120,}{ 1128,} 2018,3006,3052,3074,3089,

3096, { 3123,} { 3129,} 3192, 3195, { 3197,} 3231, 3247, 3253, 3273,
3297,{ 3307,}{ 3558,}( 4009,} 4010, 4044,{ 4049,} 4058,{ 4059,} 4059,4063

< 4{GL 128}: 1117, 2018, 3039, 3041, 3052, 3192, 3194, 3223, 3231, 3253
< 3{GL 127}: 1117, { 1125,} { 1128,} 3010, 3039, 3041, 3048, 3052, 3072, 3074,

3089, 3096, 3192, 3194, 3195, { 3197,} 3231, 3253, 4010, 4061
< 2{GL 125}: 1117, 3010, 3039, 3048, 3072, 3074, 3151, 3194, 3195, 3231, 4010
< l{GL 123}: 1117, 2018, 3006, 3039, 3048, 3072, 3073, 3089, 3096, 3151, 3310,

4010, 4031

SECTION 5 GRBALJSKA LASTVA: bottom 1 - top 3

< 3{Grb 12} : 2001, 2002, 2008, 2013, 2017, 3090, { 6107}

< 2{Grb 11} : 2002, 2008, 2013, 2025

< l{Grb 10} : 2001, 2002, 2007, 2008, 2013, 2020, 5073

SECTION 6_PETROVAC: bottom 1 - top 4

< 4 {PK 1}: 2020, 3065
{PK 3: reworked - 1127,2012,2018,3065,3087,3092,3631,4035,5012,5049,

5073, 5229, 5362, 5462, 5511, 5544, 5595, 5712, 5712, 6101}
{PI< 104: reworked ~ 1014, 3019, 3066, 3087, 3165, 3170, 3171, 3263, 3286, 3292,

3305}
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< 3{PK 7}: 1114, 1117, 2018, 3145, 3161, 3181, 3199, 3205, 3224, 3230, 3241,
3263, 3292

< 2{PK 9}: 1037, 1116, { 3014,} 3017,3065,3100,3103,3117, 3121,{ 3133,}
3181, 3193, { 3197,} 3199, 3204, 3223, 3224, 3243, 3263, 3292

< l{PK 12}: 1117, 2018, 3052, 3065, 3090, 3096, 3103, 3117, 3181, 3193, 3223,
3292, 4060

SECTION 7 CANJ: bottom 1 - top 23

< 23{UPC 35}: 2002, 2010, 2011, 2021, 2022, 2023, 2024, { 2027,}{ 6107}
< 22{UPC 34}: 2002, 2008, 2013, 2016, 2017, 2025, 3090, 5582, { 6107}
< 21{UPC 33}: 2002, 2008, 2013, 2016, 2017, 2025, 5582, { 6107}
< 20{UPC 32}: { 1122,} { 1129,} 2012, 2013, 2018, 2025, 2026, 5073, 5595, { 6107}
< 19{UPC 298.60}: 2012, 2018, 2026, 3065, 3287, 5012, 5073, 5204, 5462, 5595,

5712, {6107}
< 18 {UPC 30}: 2018, 2025, 3065, 3087, { 3092,} 3161, 3287, 5073, 4026, 54 62,

5636, { 6107}
< 17{UPC 29}: 1014, 3065, 3087, 3161, { 3165,} 3170, 3263, 3286
< 16{UPC 28}: 1014, 1102, 3019, 3065,3087,3170,3171,3225,3241,3263,3305,

6101
< 15{UPC 27}: 1014, 1054, 1102,3019,3065,3066,3087,3161,3171,

3185, { 3189,} 3241, 3263, 3286, 3287, 3292, 3305, { 3911}
< 14 {UPC 26}: 1014, 3065, 3087, 3171, 3241, 3263
< 13{UPC 25}: 1014, 1054, 3019, 3065, 3161, 3170, 3171, 3241, 3292, 6101
< 12 {UPC 262. 70}: 1014, 1040, 1054, 1102, 1116, 301 7, 3090, 3100, 3145, 3161,

3170, 3171, 3179, 3182, { 3189,} 3193, 3199, 3215, 3216, 3241, 3263, 3274,
3292, 4015, 4073

< l1{UPC 257.10}: 1116, 1117,3017,3069,3139,3161,3171,3179,3215,3216,
3224, 3230, 3241, 3263, 3274, 4055, 4079

< 10{UPC 251.50}: 1037,1116,1117,2018,3017,3065,3069,3090,3100,3117,
3121, { 3133,} 3137, 3145, 3180, 3181, 3193, { 3197,} 3199, 3205, 3210,
3223, 3224, 3243, 3259, 3263, 3292, 4055, 4073, 4079

< 9{UPC 23}: 1037, 1114, 2018, 3008, 3065, 3100, 3103, { 3104,} 3117,
3122, { 3127,} { 3129,} { 3133,} 3137, 3139, { 3140,} 3180, 3181, 3193, 3199,
3205, 3223, 3224, 3243, 3259, 3263, 4055, 4060

< 8{UPC 22}: 1032, { 1110,} 2018, 3017, { 3133,} 3137, 3139, { 3140,} 3180, 3181,
3199, 3205, 3223, 3224, 3243, 4055

< 7{UPC 21}: 1116, 3096, 3100, 3117, 3121, 3139, 3180, 3181, 3193, { 3197,}
3199, 3205, 3215, 3223, 3224, 3225, 3243, 3273

< 6{UPC 20}: 1113, 1117, { 3044,} 3046,{ 3197,} 3297,3298
< 5{UPC 18}:{ 1111,} 1113, 1117, { 1126,} 3008, 3017,{ 3044,}{ 3045,} 3046,3121,

3160, 3176, 3180, 3181, 3193, 3199, 3205, 3210, 3237, 3297, 3298, 4060
< 4{UPC 16}: 1117, 3041, 3096, { 3197,} 3231
< 3{UPC 15}: 3006, 3039, 3041, 3073, 3074, 3096, 3194, 3195, 3253, 4061
< 2{UPC 14}: 1117, 3010, 3048, 3072, 3073, 3074, 3194, 3195, 3253
< l{UPC 13}: 1117, 2018, 3006, 3010, 3048, 3072, 3195, 3247, 3253, 4061

SECTION 8 DIN VRH: bottom 1 - top 8

< 8{DIN 31.50}: 2018, 2025, 3065, 3087, 3090, 3161, 3286, 4026, 4035, 5229,
5462, 5481, 5636, 5712

< 7{DIN 29.30}: 1102, 1104, { 1121,} 2018, 3019, 3182, 3185, 4035, 5636, 6101
< 6{DIN 24. 30}: 1014, 1050, 2018, 3019, 3065, 3161, 3171, 3182, 3263, 3287,

3292, 3305, { 3911,} 4035, 4073
< 5{DIN 11.55}: 1054,1102, 1114,{ 1115,} 2018,3017,3066, 3069,{ 3123,} 3161,

3171, 3177, 3182, 3216, 3259, 3263, 3274, 3292, ( 3294,) 3305, 4055, 4079
< 4{DIN 7.00}: 1054, 2018, 3171, 4015, 4055
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< 3{DIN 4.50}: 2018, 3017, 3069, 3224, 3230, 3241, 4055
< 2{DIN 2.35}: { 1028,} 1040,1114,1116,1117,2018,3069,3100,3103,3117,

3121, 3122, 3139, 3145, 3161, 3170, 3179, 3181, 3199, 3210, 3215, 3216,
3224, 3230, 3241, 3243, 3263, 3274, 4010

< l{DIN l.50}: 3017, 3117, 3122, 3161, 3181, 3193, 3241, 3274, 3292

SECTION 10_BAR: bottom 1 - top 10

< 1 0 {BM 48 9 . 4 O}: { 2 0 0 6,} 2 0 12 , 2 0 13 , 2 0 2 0 , 2 0 2 5 , 3 0 65 , 30 9 0 , 4 0 7 3 , 5 0 73 ,
5204, { 5511,} { 6107}

< 9 {BM 478. 60 }: 2018, 2025, 3087, 3185, 3287, 4026, 4073, 5011, 5073 , 5204 ,
5229, 5426, 5462, 5481, { 5532,} 5636, 5712, { 6107}

< 8 {BM 469. OO}: 3087, 3287, 4026, 5073 , 5229, 54 62, 5636, { 6107}
< 7 {BM 466. 40}: 2025, 3065, 3087, 4026, 4073, 5229, 5462, 5481
< 6 {BM 8}: 1014, 1050, 3065, 3066, 3087, 3161, 3170, 3171, 3185, 3263, 3286,

3287, 3292, 4073, 6101
< 5 {BM 7}: 1014, 11 02, 3019, 3065, 3087, 3161, 31 70, 31 71, 324 I, 3263, 3274,

3287, 3292
< 4 {BM 6}: 301 7, 3065, 3161, 3170, 31 71, 324 I, 3263, 3274, 3292, 4015
< 3 {BM 5}: 1054, 1114, 3069, 3161, 3171, 3177, { 3197,} 324 I, 3274, 4015
< 2 {BM 106}: 1040, 1054, 11 02, { IllS,} 1116, 111 7, 2018, 3065, 3066, 3122,

3145, 3161, 3170, 3171, 3177, 3182, 3193, { 3197,} 3199, 3215, 3274, 3292,
4015, 4079

< 1 {BM 102}: 1032, 1037, { 1110,} 1114, 1116, III 7, 2018, 3008, { 3014,} 301 7,
3065,3090,3096, 3100,{ 3104,} 3117, 3121,{ 3123,}{ 3127,}{ 3129,} 3137,
3139, { 3147,} 3160, 3162, 3176, 3180, 3181, 3193, { 3197,} 3199, 3204, 3205,
3210, 3215, 3223, 3224, 3225, 3230, 3243, 3273, 3292, 4010, 4055

Appendix 2a:

Alphabetical index of genera and species with a cor
responding code. Species marked with an * asterisk

3090 Acaeniotyle diaphorogona gr.
3092 Acaeniotyle umbilicata *
4063 Acaeniotyle variata s.l.
5012 Acanthocircus carinatus
3087 Acanthocircus dicranacanthos
3065 Acanthocircus trizonalis gr.
5011 Acanthocircus variabilis
2021 Afens liriodes
3145 Angulobracchia biordinalis
3147 Angulobracchia digitata
3911 Angulobracchia (7) sp. A *
20 I0 Archaeocenosphaera (7) sp. A
3263 Archaeodictyomitra apiarium
3287 Archaeodictyomitra excelIens
5595 Archaeodictyomitra lacrimula
3305 Archaeodictyomitra minoensis
3237 Archaeodictyomitra (7) amabilis
2026 Archaeodictyomitra (7) sp. A
3271 Archaeohagiastrum munitum
4061 Ares spp.
3221 Bernoullius cristatus *
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were not included in constructing the protoreferential.

3223 BernoulIius dicera
4009 BernoulIius furcospinus *
40 I0 Bernoullius rectispinus s.l.
5229 Cecrops septemporatus
6101 Cinguloturris sp. A
3193 Cinguloturris carpatica
5532 Crolanium pythiae *
5204 CrucelIa cf. cachensis
2025 CryptamphorelIa conara
1119 CYliocapsa aff. mastoidea *
3307 CYliocapsa mastoidea *
5422 Dibolachras tytthopora *
2024 Dictyomitra formosa
4014 DictyomitrelIa (7) kamoensis
3631 Emiluvia spp.
3225 Emiluvia hopsoni
4015 Emiluvia ordinaria
3224 Emiluvia orea
3066 Emiluvia pessagnoi
3210 Emiluvia premyogii
3215 Emiluvia salensis



3253 Emiluvia splendida
3216 Emiluvia sedecimporata
3014 Eucyrtidiellum nodosum *
3017 Eucyltidiellum ptyctum
3019 Eucyltidiellum pyramis
3052 Eucyrtidiellum unumaense
3048 Eucyrtidiellum (7) quinatum
3279 Gongylothorax sp. aff. G. favosus *
1113 Guexella nudata
1032 Hagiastrid gen. indet. spp.
4026 Hemicryptocapsa capita
2022 Hemicryptocapsa polyhedra
2017 Hemicryptocapsa sp. A
2023 Hemicryptocapsa prepolyhedra
3656 Hexasatumalis
3089 Hexasaturnalis tetraspinus
3110 Higumastra imbricata
6107 Holocryptocanium barbui *
3103 Homoeoparonaella argolidensis
3104 Homoeoparonaella elegans *
3195 Hsuum matsuokai
3182 Hsuum mclaughlini gr.
3151 Laxtorum (7) jurassicum
3074 Linaresia chrafatensis
3162 Mirifusus chenodes
3274 Mirifusus dianae dianae
3286 Mirifusus dianae minor
3161 Mirifusus dianae s.1.
3160 Mirifusus guadalupensis
5582 Mita gracilis
2004 Mita sp. B
2005 Mita sp. C *
1114 Napora bukryi gr.
4073 Noviforemanella diamphidia gr.
2014 Novixitus weyli
3204 Orbiculiforma sp. A
1037 Orbiculiforma sp. B
3205 Orbiculiforma sp. D
3008 Palinandromeda podbielensis
3006 Palinandromeda praepodbielensis
3010 Palinandromeda sp. A
1115 Pantanellium oligoporum *
2018 Pantanellium spp.
1120 Parahsuum officerense *
1117 Parahsuum spp.
4031 Parahsuum (7) grande
3072 Parahsuum (7) magnum
3073 Parahsuum (7) natorense
3310 Paronaella aff. corpulenta
3137 Paronaella broennimanni
1040 Paronaella cava
3140 Paronaella kotura *
3139 Paronaella mulleri
3133 Paronaella pygmaea *
3185 Parvicingula boesii gr.

3197 Parvicingula dhimenaensis *
5712 Parvicingula usotanensis
3255 Parvicingula cosmoconica
1028 Parvivacca blomei *
3100 Perispyridium ordinarium gr.
3230 Podobursa spinosa
3171 Podocapsa amphitreptera
3681 Praeconocaryomma
3292 Protunumajaponicus
4034 Protunuma turbo
3129 Pseudocrucella adriani *
3127 Pseudocrucella sp. B *
4035 Pseudodictyomitra carpatica
3284 Pseudodictyomitra depressa
2012 Pseudodictyomitra lanceloti
2008 Pseudodictyomitra lodogaensis
2007 Pseudodictyomitra pentacolaensis
3189 Pseudodictyomitra primitiva *
2011 Pseudodictyomitra pseudomacrocephala
5636 Pseudodictyomitra puga
1121 Pseudodictyomitra sp. C *
1122 Pseudodictyomitra sp. A *
1129 Pseudoeucyrtis hanni *
3177 Pseudoeucyrtis reticularis
1123 Pseudoeucyrtis sp. B *
3176 Pseudoeucyltis sp. J
2016 Rhopalosyringium majuroense
2027 Rhopalosyringium sp. A
3241 Ristola altissima altissima
3165 Ristola cretacea *
1102 Saitoum dercourti
1124 Sethocapsa accincta *
1054 Sethocapsa horokanaiensis
5481 Sethocapsa kaminogoensis
5462 Sethocapsa uterculus
1050 Sethocapsa pseudouterculus
2001 Sethocapsa (7) perspicua
3199 Spongocapsula palmerae
3267 Spongocapsula perampla *
3243 Staurosphaera antiqua
3045 Stichocapsa naradaniensis *
3298 Stichocapsa robusta
2002 Stichomitra communis
3192 Stichomitra (7) sp. A
4044 Stichomitra (7) takanoensis gr.
3044 Stylocapsa catenarum *
3046 Stylocapsa (7) spiralis gr.
5049 Suna hybum *
5426 Syringocapsa limatum
3170 Syringocapsa sp. A
3273 Tetraditlyma corralitosensis
3123 Tetraditryma pseudoplena *
3121 Tetratrabs zealis
3122 Tetratrabs bulbosa
5296 Thanarla elegantissima *
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2013 Thanarla praeveneta
5073 Thanarla pulchra
3277 Theocapsomma cordis *
3181 Transhsuum brevicostatum gr.
3194 Transhsuum hisuikyoense
3179 Transhsuum okamurai
3180 Transhsuum maxwelli gr.
1110 Triactoma blakei *
1125 Triactoma cf. southforkensis *
3096 Triactoma jonesi
1111 Triactoma parablakei *
2020 Tricapsula costata
3297 Tricolocapsa conexa
1126 Tricolocapsa sp. A*
4054 Tricolocapsa tetragona
4049 Tricolocapsa (7) fusiform is *
3039 Trillus spp.
3117 Tritrabs casmaliaensis

Appendix 2b:

Same as Appendix 2a, arranged by ascending order of
numerical codes.

1014 Zhamoidellum sp. A
1028 Parvivacea blomei *
1032 Hagiastrid gen. indet. spp.
1037 Orbiculiforma sp. B
1040 Paronaella cava
1050 Sethocapsa pseudoutereulus
1054 Sethocapsa horokanaiensis
1079 Unuma damoensis
1102 Saitoum dereourti
1104 Xitus (7) sp.
1110 Triactoma blakei *
1111 Triactoma parablakei *
1113 Guexella nudata
1114 Napora bukryi gr.
1115 Pantanellium oligoporum *
1116 Tritrabs exotica gr.
1117 Parahsuum spp.
1119 Cyrtocapsa aff. mastoidea *
1120 Parahsuum officerense *
1121 Pseudodictyomitra sp. C *
1122 Pseudodictyomitra sp. A *
1123 Pseudoeucyl1is sp. B *
1124 Sethocapsa accincta *
1125 Triactoma ef. southforkensis *
1126 Tricolocapsa sp. A *
1128 Yamatoum spp. *
1129 Pseudoeucyl1is hanni *
200 I Sethocapsa (7) perspicua
2002 Stichomitra communis
2004 Mita sp. B
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1116 Tritrabs exotica gr.
3247 Turanta spp.
1079 Unuma damoensis
3231 Unuma echinatus
4058 Unuma latusicostatus
4059 Unuma typicus
4055 Williriedellum carpathicum
3069 Williriedellum crystallinum
4060 Williriedellum sp. A
3294 Xitus gifuensis *
3259 Xitus sp. A
1104 Xitus (7) sp.
1128 Yamatoum spp. *
3558 Yamatoum (7) sp. A *
3041 Zartus spp.
4079 Zhamoidellum ovum
1014 Zhamoidellum sp. A

2005 Mita sp. C *
2007 Pseudodictyomitra pentaeolaensis
2008 Pseudodictyomitra lodogaensis
20 I0 Archaeocenosphaera (7) sp. A
2011 Pseudodictyomitra pseudomacrocephala
2012 Pseudodictyomitra lanceloti
2013 Thanarla praeveneta
2014 Novixitus weyli
2016 Rhopalosyringium majuroense
2017 Hemicryptocapsa sp. A
2018 Pantanellium spp.
2020 Tricapsula costata
2021 Afens liriodes
2022 Hemicryptocapsa polyhedra
2023 Hemicryptocapsa prepolyhedra
2024 Dictyomitra Formosa
2025 Cryptamphorella conara
2026 Archaeodictyomitra (7) sp. A
2027 Rhopalosyringium sp. A
3006 Palinandromeda praepodbielensis
3008 Palinandromeda podbielensis
3010 Palinandromeda sp. A
3014 Eucyltidiellum nodosum *
3017 Eucyltidiellum ptyctum
3019 Eucyrtidiellum pyramis
3039 Trillus spp.
3041 Zartus spp.
3044 Stylocapsa catenarum *
3045 Stichocapsa naradaniensis *
3046 Stylocapsa (7) spiralis gr.



3048 Eucyl1idiellum (7) quinatum
3052 Eucyrtidiellum unumaense
3065 Acanthocircus trizonalis gr.
3066 Emiluvia pessagnoi
3069 Williriedellum clystallinum
3072 Parahsuum (7) magnum
3073 Parahsuum (7) natorense
3074 Linaresia chrafatensis
3087 Acanthocircus dicranacanthos
3089 Hexasaturnalis tetraspinus
3090 Acaeniotyle diaphorogona gr.
3092 Acaeniotyle umbilicata *
3096 Triactoma jonesi
3100 Perispyridium ordinarium gr.
3103 Homoeoparonaella argolidensis
3104 Homoeoparonaella elegans *
3 110 Higumastra imbricata
3117 Tritrabs casmaliaensis
3121 Tetratrabs zeal is
3122 Tetratrabs bulbosa
3123 Tetraditryma pseudoplena *
3127 Pseudocrucella sp. B *
3129 Pseudocrucella adriani *
3133 Paronaella pygmaea *
3137 Paronaella broennimanni
3139 Paronaella mulleri
3140 Paronaella kotura *
3145 Angulobracchia biordinalis
3 147 Angulobracchia digitata
3151 Laxtorum (7) jurassicum
3160 Mirifusus guadalupensis
3161 Mirifusus dianae s.l.
3 162 Mirifusus chenodes
3165 Ristola cretacea *
3170 Syringocapsa sp. A
3171 Podocapsa amphitreptera
3176 PseudoeucYl1is sp. J
3177 Pseudoeucyrtis reticularis
3179 Transhsuum okamurai
3180 Transhsuum maxwelli gr.
3181 Transhsuum brevicostatul11 gr.
3182 Hsuum mclaughlini gr.
3185 Parvicingula boesii gr.
3189 Pseudodictyomitra primitiva *
3192 Stichol11itra (7) sp. A
3193 Cinguloturris carpatica
3194 Transhsuum hisuikyoense
3195 Hsuum matsuokai
3197 Parvicingula dhimenaensis *
3199 Spongocapsula palmerae
3204 Orbiculifonna sp. A
3205 Orbiculiforma sp. D
3210 Emiluvia prel11yogii
3215 Emiluvia salensis
3216 Emiluvia sedecimporata

3221 Bernoullius cristatus *
3223 Bernoullius dicera
3224 Emiluvia area
3225 El11iluvia hopsoni
3230 Podobursa spinosa
3231 Unuma echinatus
3237 Archaeodictyomitra (7) amabilis
3241 Ristola altissima altissima
3243 Staurosphaera antiqua
3247 Turanta spp.
3253 Emiluvia splendida
3255 Parvicingula cosmoconica
3259 Xitus sp. A
3263 Archaeodictyomitra apiarium
3267 Spongocapsula perampla *
3271 Archaeohagiastrum munitum
3273 Tetraditlyma corralitosensis
3274 Mirifusus dianae dianae
3277 Theocapsomma cordis *
3279 Gongylothorax sp. aff. G. favosus *
3284 Pseudodictyomitra depressa
3286 Mirifusus dianae minor
3287 Archaeodictyomitra excellens
3292 Protunuma japonicus
3294 Xitus gifuensis *
3297 Tricolocapsa conexa
3298 Stichocapsa robusta
3305 Archaeodictyomitra minoensis
3307 Cyrtocapsa mastoidea *
3310 Paronaella aff. corpulenta
3558 Yamatoum (7) sp. A *
3631 Emiluvia spp.
3656 Hexasaturnalis
3681 Praeconocaryomma
3911 Angulobracchia (7) sp. A*
4009 Bernoullius furcospinus *
4010 Bernoullius rectispinus s.l.
4014 Dictyol11itrella (7) kamoensis
4015 Emiluvia ordinaria
4026 Hemiclyptocapsa capita
4031 Parahsuum (7) grande
4034 Protunuma turbo
4035 Pseudodictyol11itra carpatica
4044 Stichomitra (7) takanoensis gr.
4049 Tricolocapsa (?) fusiformis *
4054 Tricolocapsa tetragona
4055 Williriedellul11 carpathicum
4058 Unuma latusicostatus
4059 Unuma typicus
4060 Williriedellum sp. A
4061 Ares spp.
4063 Acaeniotyle variata s.l.
4073 Noviforemanella diamphidia gr.
4079 Zhal110idellum ovum
5011 Acanthocircus variabilis
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5012 Acanthocircus carinatus
5049 Suna hybum *
5073 Thanarla pulchra
5204 Crucella cf. cachensis
5229 Cecrops septemporatus
5296 Thanarla elegantissima *
5422 Dibolachras tytthopora *
5426 Syringocapsa limatum
5462 Sethocapsa uterculus
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5481 Sethocapsa kaminogoensis
5532 Crolanium pythiae *
5582 Mita gracilis
5595 Archaeodictyomitra lacrimula
5636 Pseudodictyomitra puga
5712 Parvicingula usotanensis
6101 Cinguloturris sp. A
6107 Holocryptocanium barbui *



PLATES

General remarks:

Related or similar forms are presented together to allow an easier comparison. The arrange
ment of illustrations therefore differs from the alphabetical order of genera and species fol
lowed in the text.

For each illustration the sample number, corresponding Unitary Association, age assign
ment of the given sample, SEM-negative number, and magnification are indicated.

Most scanning electron micrographs were taken on a CAMSCAN Series 4, at the Institute
of Geology and Paleontology, University of Lausanne, others were taken on a JEOL JSM
330A at the Ivan Rakovec Paleontological Institute, Slovenian Academy of Sciences and Alis.

Rock samples, residues and SEM negatives are stored in the author's collection.
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PLATE 1

1.

2-4.

5.

6.

7-9.

10-13.

14-18.

Trilllls Sp.
GL/I27 (U.A.3), Bajocian, 890237, 200x

Zartlls spp.
2: BjI/10 (U.AA), Bajocian, 910224, 200x
3: BjI/10 (U.AA), Bajocian, 910223, 200x
4: GL/128 (U.A.5), Bajocian, 903412, 200x

Cecrops septel11pOratlls (PARONA)

PK/3, 892636, 200x

Gorgansilll11 gongyloidelll11 KlSHlDA & HlSADA

BM/l8, lower Liassic, 920806, 200x

Pantanellilll11 oligoporlll11 (VINASSA)

7: BM/l06 (U.A.26), Kimmeridgian, 900530, 200x
8: BM/l06 (U.A.26), Kimmeridgian, 900531, 200x
9: BM/l06 (U.A.26), Kimmeridgian, 900528, 200x

Pantanellilll11 spp.
10: DlN/29.30 (U.A.33), Berriassian-lower Valanginian, 910330, 200x
11: BMII 02 (U.A.17), Oxfordian, 900403, 200x
12: BjlV/l8 (U.A.38), lower Aptian, 915129, 150x
13: UPC/32 (U.AAO), lower Aptian, 921526, 200x

Pantanelliul11 tanllense PESSAGNO & BLOME

14: GL/109, Hettangian, 921132, 200x
15: BMII 1, Hettangian, 920706, 200x
16: BM/ll, Hettangian, 920710, 200x
17: BM/l1, Hettangian, 920707, 200x
18: BM/l1, Hettangian, 920709, 200x
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PLATE 2

1.

2-3.

4.

5-6.

7.

8-9.

10,11,15.

12.

13.

14.

Suna hybum (FOREMAN)

PK/3, 892633, 200x

Parvivacca blomei PESSAGNO & Y ANG

2: GL/209+6.60 (U.A.22), Oxfordian, 911002, 150x
3: DlN/2.35 (U.A.21), Oxfordian, 910123, 150x

Triactoma parablakei Y ANG & WANG

UPCIl8 (U.A.I5), Callovian, 92210 1, 150x

Triactoma blakei (PESSAGNO)

5: GL/209 (U.A.l6), Oxfordian, 901701, 150x
6: GL/209+6.60 (U.A.22), Oxfordian, 911030, 150x

Triactoma ef. southforkensis (PESSAGNO & Y ANG)

GL/I27 (U.A.3), Bajocian, 903103, 150x

Triactoma jonesi (PESSAGNO)

8: BM/I02 (U.A.I7), Oxfordian, 900214, 150x
9: GUI23 (U.A.I), Aalenian-Iower Bajoeian, 921013, 150x

Acaeniotyle diaphorogona FOREMAN gr.
10: UPC/34 (U.A.45), Albian, 920310, 150x
11: GL/209+6.60 (U.A.22), Oxfordian, 910936, 150x
15: BMIl 02 (U .A.17), Oxfordian, 900207, 150x

Acaeniotyle umbilicata (ROST)
BjIV1I8+1.55 (U.A.39), lower Aptian, 914812, 150x

Praeconocaryomma sp.
PK/20, lower Liassie, 920932, 200x

Acaeniotyle variata (OZVOLDOVA) s.l.
ZB/28 (U.A.6), upper Bajoeian, 890122, 150x



Plate 2



126

PLATE 3

1-2.

3.

4.

5-6.

7.

8-9.

10-12.

13.

14-15.

Acanthocircus trizonalis (ROST) gr.
1: BM/489AO (U.AAl), upper Aptian-Iower Albian, 913128, 100x
2: BM/1 02 (U.A.17), Oxfordian, 900210, 100x

Acanthocircus variabilis (SQUINABOL)

BM/478.60 (U.A.37), Hauterivian-Barremian, 914332, 200x

Acanthocircus carinatus FOREMAN

UPC/298.60 (U.A.39), lower Aptian, 915331, 200x

Archaeocenosphaera (?) sp.
5: UPC/35 (U.AA8), Turonian, 902416, 150x
6: UPC/35 (UA.48), Turonian, 902415, 150x

Orbiculiforma sp.
GLl105, Hetlangian, 921102, 200x

Orbiculiforma sp. B sensu WIDZ
8: UPC/23 (U.A.18), Oxfordian, 902826, 200x
9: BM/1 02 (U.A.17), Oxfordian, 900319, 200x

Orbiculiforma sp. D sensu WIDZ
10: UPC/18 (U.A.15), Callovian, 922120, 150x
11: UPC/21 (U.A.17), Oxfordian, 901301, 150x
12: UPC123 (U.A.18), Oxfordian, 902825, 200x

Orbiculiforma sp.
GLl123 (U.A.l), Aalenian-Iower Bajocian, 921917, 200x

Orbiculiforma sp. A sensu WIDZ
14: BM/102 (U.A.17), Oxfordian, 900102, 150x
15: BM/1 02 (U.A.17), Oxfordian, 900236, 150x
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PLATE 4

1-2,3a-b.

4.

5.

6.

7-8.

9.

10-11.

12.

13-15.

Emiluvia premyogii BAUMGARTNER

I: GL/209+6.60 (U .A.22), Oxfordian, 910922, 150x
2: BM/l02 (U.A.17), Oxfordian, 900312, 150x
3a-b: specimen with a py!ome, Bj1I/15/1 (UA22), Oxfordian, 901807,901808, 200x

Emiluvia sedecimporata (ROST)

GL/209+6.60 (U .A.22), Oxfordian, 910915, 150x

Emiluvia ordinaria OZVOLDOVA

GL/209+6.60 (U.A.22), Oxfordian, 911020, 150x

Emiluvia pessagnoi FOREMAN

BM/8 (U.A.30), Tithonian, 922702, 150x

Emiluvia salensis FOREMAN

7: BM/l02 (U.A.17), Oxfordian, 900429, 100x
8: BM/1 02 (U.A.17), Oxfordian, 900118, 100x

Emiluvia hopsoni PESSAGNO

BM/l 02 (U.A.17), Oxfordian, 900209, 100x

Emiluvia orea BAUMGARTNER

10: UPC/23 (U.A.18), Oxfordian, 902906, 100x
11: DlN/2.35 (U .A.21), Oxfordian, 910119, 100x

Emiluvia splendida CARTER

ZB/28 (U.A.6), upper Bajocian, 890520, 150x

Staurosphaera antiqua (ROST)

13: UPC/23 (UAI8), Oxfordian, 902908, 100x
14: DlN/2.35 (U.A.21), Oxfordian, 910117, 100x
15: BM/1 02 (U.A.17), Oxfordian, 900230, 100x
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PLATE 5

1-2.

3-6.

7.

8-9.

10-11.

12.

13.

14.

15-16.

Hagiastrid gen. indet. spp.
1: BM/l 02 (UAl7), Oxfordian, 900106, 100x
2: BM/l02 (UAl7), Oxfordian, 900107, 100x

Tritrabs exotica (PESSAGNO) gr.
3: UPC/25 1.50 (U.A.19), Oxfordian, 912103, 100x
4: BM/l 02 (UAl7), Oxfordian, 900432, 100x
5: UPC/21 (U.A.17), Oxfordian, 901316, 100x
6: UPC/251.50 (U.A.19), Oxfordian, 912104, 100x

Tetratrabs bulbosa BAUMGARTNER

GL/209+6.60 (U.A.22), Oxfordian, 910907, 100x

Tf'itrabs casmaliaensis (PESSAGNO)

8: GL 209+6.60, Oxfordian, 910905, 150x
9: UPC/21 (UAl7), Oxfordian, 901321, 150x

Tetratrabs zealis (OZVOLDOVA)

10: BM/l02 (U.A.17), Oxfordian, 900414, 100x
11: BM/l 02 (U.A.17), Oxfordian, 90010 1, 100x

Tetraditlyma pseudoplena BAUMGARTNER

BM/l 02 (UAl7), Oxfordian, 900408, 100x

Higumastra imbricata (OZVOLDOVA)

BjI/12 (UAl 0), Bathonian, 901516, 150x

Archaeohagiastrum munitum BAUMGARTNER

BjI/12 (U.A.I0), Bathonian, 901501, 200x

Tetraditlyma corralitosensis (PESSAGNO)

15: GL/134 (U.A.9), Bathonian, 922431, 200x
16: BM/l02 (U.A.17), Oxfordian, 903137, 150x
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PLATE 6

1.

2-3.

4-5.

6-7,9-10.

8.

11.

12.

13-14.

Angulobracchia digitata BAUMGARTNER
BM/I02 (V.A.17), Oxfordian, 900121, IOOx

Angulobracchia biordinalis OZVOLDOVA
2: VPC/251.50 (V.A.19), Oxfordian, 912028, 100x
3: GL/209+6.60 (V.A.22), Oxfordian, 910908, IOOx

Homoeoparonaella argolidensis BAUMGARTNER
4: GL/209 (V.A.16), Oxfordian, 901605, 100x
5: GL/209+6.60 (V.A.22), Oxfordian, 910920, IOOx

Paronaella broennimanni PESSAGNO
6: VPC/23 (V.A.18), Oxfordian, 902909, 150x
7: VPC/251.50 (V.A.I9), Oxfordian, 912105, 150x
9: BM/l 02 (V.A.I7), Oxfordian, 900218, IOOx
10: BM/102 (V.A.I7), Oxfordian, 900412, IOOx

Homoeoparonaella elegans (PESSAGNO)
BM/l 02 (V.A.I7), Oxfordian, 900418, 100x

Crucella er cachensis PESSAGNO
BM/489AO (V.AAI), upper Aptian-lower Albian, 913016, 150x

Pseudocrucella sp. B sensu BAUMGARTNER
BM/l 02 (V.A.I7), Oxfordian, 900407, 150x

Pseudocrucella adriani BAUMGARTNER
13: BM/l02 (V.A.I7), Oxfordian, 900413, 150x
14: GL/209+6.60 (V.A.22), Oxfordian, 900407, 150x
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PLATE 7

1-3.

7.

8-10.

11.

12.

13.

]4-16.

Noviforemanella diamphidia (FOREMAN) gr.
I: GL/209+6.60 (U .A.22), Oxfordian, 91090 I, 150x
2: BM/489AO (U.AAI), upper Aptian-Iower Albian, 913124, 150x
3: GL/144 (U.A.39), lower Aptian, 915610, 150x

Paronaella cava (OZVOLDOVA)

4: GL/209+6.60 (U.A.22), Oxfordian, 910903, 100x
5: GL/209+6.60 (U.A.22), Oxfordian, 910902, 100x
6: BM/I 06 (U .A.26), Kill1ll1eridgian, 90060 I, 100x

Angulobracchia (?) sp. A
UPC/27 (U .A.29), Tithonian, 90] 928, 150x

Paronaella mulleri PESSAGNO

8: BM/l02 (U.A.17), Oxfordian, 900307, 150x
9: UPC/22 (U AI7), Oxfordian, 903009, 150x
10: UPC/257.10 (U.A.23), upper Oxfordian-Kill1ll1eridgian, 911913, 150x

Paronaella sp.
UPC/41.50, lower Liassic, 921018, ]OOx

Paronaella kotura BAUMGARTNER

UPC/23 (U .A.18), Oxfordian, 902904, 100x

Paronaella pygmaea BAUMGARTNER

'UPC122 (U .A.17), Oxfordian, 902934, 200x

Paronaella aff. corpulenta DE WEVER

14: GL/l23 (U.A.I), Aalenian-Iower Bajocian, 92] 909, 100x
15: GL/123 (U.A.I), Aalenian-Iower Bajocian, 921904, 100x
16: GL/123 (U.A.I), Aalenian-Iower Bajocian, 893602, 150x
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PLATE 8

1-4.

5.

6.

7-9,11-18.

10.

19.

Bernoullius dicera (BAUMGARTNER)

1: BM/1 02 (U.A.17), Oxfordian, 900223, 150x
2: UPC/23 (U.A.18), Oxfordian, 902834, 200x
3: BM/102 (U.A.17), Oxfordian, 900223, 150x
4: GL/128 (U.A.5), Bajoeian, 903413, 150x

Bernoullius cristatus BAUMGARTNER

GL/20T(U.A.12), Bathonian, 901012, 150x

Bernoullius ef. cristatus BAUMGARTNER

BM/1 02 (U.A.17), Oxfordian, 900428, 150x

Bernoullius rectispinus KITO, DE WEVER, DANELIAN & CORDEY s.l.
7: GL/134 (U.A.9), Bathonian, 890813, 200x
8: GL/134 (U.A.9), Bathonian, 922508, 200x
9: BM/102 (U.A.17), Oxfordian, 900431, 150x
11: ZB/28 (U.A.6), upper Bajoeian, 890509, 200x
12: BM/102 (U.A.17), Oxfordian, 900213, 150x
13: DIN/2.35 (U.A.21), Oxfordian, 910114, 150x
14: GL/127 (U.A.3), Bajoeian, 903106, 200x
15: BM/102 (U.A.17), Oxfordian, 900425, 150x
16: BM/1 02 (U.A.17), Oxfordian, 900423, 150x
17: GL/128 (U.A.5), Bajoeian, 903414, 150x
18: ZB/28 (U.A.6), upper Bajoeian, 890407, 150x

Bernoullius (?) sp.
BM/102 (U.A.17), Oxfordian, 900117, 150x

Bernoulliusfilrcospinus KITO, DE WEVER, DANELlAN & CORDEY

ZB/28 (U.A.6), upper Bajoeian, 890134, 150x
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PLATE 9

3-4.

5-6.

7.

8-12.

13.

14.

15.

16.

17-19.

20.

Eucyrtidiellum ptyctum (RIEDEL & SANFILlPPO)

I: UPCI18 (U .A.15), Callovian, 900516, 300x
2: BjlI11511 (U .A.22), Oxfordian, 901831, 300x

Eucyrtidiellum pyramis (AITA)

3: GLlI42 (U.A.34), Berriasian-lower Valanginian, 892021, 300x
4: DlN/29.30 (U.A.33), Berriasian-lower Valanginian, 910406, 300x

Eucyrtidiellum unumaense (YAO)

5: GLl209 (U.A.16), Oxfordian, 900712, 300x
6: GLl209 (U.A.16), Oxfordian, 900805, 300x

Eucyrtidiellum nodosum WAKITA

GLl209 (U .A.16), Oxfordian, 900706, 300x

Eucyrtidiellum (7) quinatum TAKEMURA

8: GLll27 (U.A.3), Bajocian, 890429, 300x
9: GLlI27 (U.A.3), Bajocian, 890428, 300x
10: GLl125 (U.A.2), Aalenian-lower Bajocian, 892503, 300x
11: GLl125 (U.A.2), Aalenian-Iower Bajocian, 892437, 300x
12: GLl125 (U.A.2), Aalenian-lower Bajocian, 892425, 300x

Theocapsomma cordis KOCI-IER

GLl207 (U.A.12), Bathonian, 901037, 400x

Trico!ocapsa (7)jilsiformis YAO

ZB128 (U.A.6), upper Bajocian, 903337, 300x

Cyrtocapsa mastoidea YAO

ZB/28 (U .A.6), upper Bajocian, 890131, 300x

Guexella sp.
ZB/28 (U.A.6), upper Bajocian, 852700, 200x

Guexella nudata (KOClIER) s.l.
17: GLl207 (U.A.12), Bathonian, 901035, 300x
18: UPC/20 (U.A.15), Callovian, 901331, 300x
19: UPCI18 (U.A.15), Callovian, 900507, 200x

Cyrtocapsa aff. mastoidea YAO

GLl6 (U.A.8), Bathonian, 890622, 400x
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PLATE 10

1-2.

3-4.

5a-b,6.

7,8,9a-b.

10-11.

12.

13.

14-15.

16.

Protunumajaponicus MATSUOKA & YAO

I: BM/l02 (U.A.17), Oxfordian, 900217, 300x
2: UPC/27 (U.A.29), Tithonian, 901921, 200x

Tricapsula costata Wu
3: BjlV/20 (U.AA2), upper Aptian-Iower Albian, 921536, 300x
4: BjlV/20 (U.AA2), upper Aptian-Iower Albian, 921604, 300x

Protunuma turbo MATSUOKA

5a-b: BjIl12 (U.A.IO), Bathonian, a: 901502, 300x; b: antapical view, 901504, 300x
6: GL/134 (U .A.9), Bathonian, 922428, 300x

Unuma darnoensis KOZUR

7: ZB/28 (U.A.6), upper Bajocian, 890416, 300x
8: ZB/28 (U.A.6), upper Bajocian, 890515, 300x
9a-b: ZB/28 (U.A.6), upper Bajocian, 890418, 890419, 300x

Unuma echinatus IGIIKAWA & Y AO

10: GL/I27 (U.A.3), Bajocian, 890241, 300x
11: GL/132 (U.A.7), upper Bajocian, 892135, 300x

Unuma latusicostatus (AITA)
ZB/28 (U.A.6), upper Bajocian, 890339, 300x

Unuma typicus lCHlKAWA & Y AO

Bjl/l0 (U.AA), Bajocian, 910231, 300x

Yal11atoul11 spp.
14: GL/127 (U.A.3), Bajocian, 903116, 300x
15: ZB/28 (U.A.6), upper Bajocian, 861338, 300x

Yal11atoul11 (?) sp. A
ZB/28 (U.A.6), upper Bajocian, 903336, 300x
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PLATE 11

la-c, 2.

3-5.

6.

7-10.

11-13.

Slylocapsa (?) spiralis MATSUOKA gr.
Ia-c: UPCI1S (U .A.15), Callovian; Ia: 922209, Ib: apical view, 922210 Ic: antapical view,

922211, 300x
2: UPCI1S (U.A.15), Callovian, 922137, 300x

Stylocapsa calenarum MATSUOKA

3: UPCI1S (U.A.15), Callovian, 922109, 400x
4: UPCI1S (U.A.15), Callovian, 922110, 400x
5: UPCI1S (U.A.15), Callovian, 922130, 400x

Slichocapsa naradaniensis MATSUOKA

UPCI1S (U .A.15), Callovian, 922324, 300x

Tricolocapsa conexa MATSUOKA

7a-b: UPCI1S (U.A.15), Callovian, 7a: 922204, 7b: antapical view, 922205, 300x
S: UPCI1S (U.A.l5), Callovian, 900510, 300x
9: ZB/2S (U.A.6), upper Bajocian, 90332S, 300x
lOa-b: UPCI1S (U.A.15), Callovian, lOa: 92210S, lOb: antapical view, 922107, 300x

Tricolocapsa sp. A
Ila-b: UPCI1S (U.A.15), Callovian, Ila: 922214, lIb: antapical view, 922215, 300x
12a-b: UPCI1S (U.A.15), Callovian, 12a: 922323, 12b: antapical view, 922322, 300x
13a-b: UPCI1S (U.A.15), Callovian, 13a: 922321, 13b: antapical view, 922320, 300x
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PLATE 12

1,2a-c.

3-5.

6a-b, 7, 8:

9-11:

WilliriedellulI1 Clystallinul11 DUMITRICA

1: BjIl/15/1 (U .A.22), Oxfordian, 901820, 300x
2a-c: BjIl/15/1 (U .A.22), Oxfordian, 2a: 901825, 2b: apical view, 901824,

2c: antapical view, 901823, 300x

Hemicryptocapsa capita TAN

3: DIN/31.50 (U .A.35), upper Valanginian-Hauterivian, 920108, 300x
4: DIN/3l.50 (U .A.35), upper Valanginian-Hauterivian, 920 Ill, 300x
5: GLl214 (U.A.37), Hauterivian-Barremian, 915619, 200x

Williriedellum carpathicul11 DUMITRICA

6a-b: GLl209 (U.A.16), Oxfordian, 6a: antapical view, 900809, 6b: 900808, 300x
7: UPC/25l.50 (U.A.19), Oxfordian, 912131, 300x
8: DIN/11.55 (U.A.26), Kimmeridgian, 911528, 300x

WilliriedellulI1 sp. A sensu MATSUOKA

9a-c: GLl209 (U.A.16), Oxfordian, 9a: apical view, 900902, 9b: 900903, 9c: antapical view,
900839,300x

10a-c: UPC/18 (U.A.15), Callovian, lOa: 922232, lOb: apical view, 922234, 10c: antapical
view, 922233, 300x

Ila-b: UPC/23 (U.A.18), Oxfordian, Ila: 902804, lIb: 902803, 300x
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PLATE 13

1-2.

3-7.

8,10.

9a-c, 11 a-c.

12,13a-b.

Zhamoidellum sp. A
1: UPC/27 (U.A.29), Tithonian, 902005, 300x
2: GLl138 (U.A.31), Tithonian, 921821, 300x

Zhamoidellum ovum DUMITRICA
3: DIN/11.55 (U.A.26), Kimmeridgian, 911531, 300x
4: BM/106 (UA26), Kimmeridgian, 900613, 300x
5: Bj1I/15/1 (U.A.22); Oxfordian, 5a: 901907, 5b: antapical view, 901908, 300x
6: UPC/257.10 (U.A.23), upper Oxfordian-Kimmeridgian, 911932, 300x
7: UPC/257.10 (U.A.23), upper Oxfordian-Kimmeridgian, 911936, 300x

Tricolocapsa tetragona MATSUOKA
8: GL 135, Bathonian, 922414, 300x
10: BjI/13 (UA11), Bathonian, 902401, 300x

Gongylothorax aff. favosus DUMITRICA
9a-c: GLl207 (U.A.12), Bathonian, 9a: antapical view, 903130, 9b: apical view, 903131,

9c: 903129,400x
11a-c: GLl209 (U.A.16), Oxfordian, 11a: antapical view, 900826, lIb: apical view, 900825,

11c:900824,400x

Stichocapsa robusta MATSUOKA
12: UPC/18 (U.A.15), CalIovian, 922135, 300x
13a-b: UPC/18 (UAI5), CalIovian, 13a: 922218, 13b: antapical view, 922219, 300x
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PLATE 14

1, 2a-b, 3.

4,9.

5-6.

7-8.

10,13-14.

11,12a-b.

HemiClyptocapsa sp. A
1: UPC/33 (U.A.45), Albian, apical view, 920322, 300x
2a-b: UPC/34 (U.A.45), Albian, 2a: apical view, 920308, 2b: antapical view, 920307, 300x
3: UPC/34 (U.A.45), Albian, lateral view with sutural pore, 920208, 300x

HemiClyptocapsa prepolyhedra DUMITRICA

4: UPC/35 (U.A.48), Turonian, 921404, 300x
9: UPC135 (U.A.48), Turonian, 921406, 300x

Transitional forms between Hemiclyptocapsa prepolyhedra DUMITRICA and
H. polyhedra DUMITRICA

5: UPC 35 (U.A.48), sutural pore, 921407, 300x
6: UPC 35 (U.A.48), aperture, 921402, 300x

HemiClyptocapsa polyhedra DUMITRICA

7: UPC/35 (U.A.48), Turonian, 921405, 300x
8: UPC/35 (U.A.48), Turonian, 921401, 300x

Holocryptocanium barbui DUMITRICA

10a-b: BjIV/20 (U.A.42), upper Aptian-lower Albian; lOa: apical view, 902720,
lOb: apelture, 902721,200x

13a-b: BjIV/21 (UA.46), Albian-lower Cenomanian; 13a: apical view, 914534,
13b: aperture, 914533, 200x

14a-b: BjIV/21 (U.A.46), Albian-lower Cenomanian; 14a: apical view, 914535,
14b: apeliure, 914536, 200x

Ciyptamphorella conara (FOREMAN)

11: DlN/31.50 (U.A.35), upper Valanginian-Hauterivian, 920116, 200x
12a-b: BjIV/20 (U.A.42), upper Aptian-lower Albian, 12a: 902702, 12b: sutural pore,

902701,200x
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PLATE 15

1-3.

4-5.

6.

7.

8.

9-10.

11-15.

16-17.

Palinandromeda sp. A
I: BjI/9 (U.A.2), Aalenian-lower Bajocian, 893625, 150x
2: UPCIl3 (U.A.3), Bajocian, 892125, 150x
3: GLlI27 (U.A.3), Bajocian, 903114, 150x

Palinandromeda praepodbielensis (BAUMGARTNER)

4: GLlI23 (U .A.I), Aalenian-lower Bajocian, 893629, 150x
5: UPCIl3 (U.A.3), Bajocian, 892102, 150x

Palinandromeda podbielensis (OZVOLDOVA)

BMIl 02 (U .A.17), Oxfordian, 900226, 150x

Sethocapsa kaminogoensis AITA

DIN/31.50 (U.A.35), upper Valanginian-Hauterivian, 920106, 300x

Sethocapsa accincta STEIGER

GLll38 (U.A.31), Tithonian, 921817, 300x

Sethocapsa horokanaiensis KAWABATA

9: BM/5 (U.A.26), Kimmeridgian, 891612, 300x
10: BMIl06 (U.A.26), Kimmeridgian, 900536, 300x

Sethocapsa uterculus (PARONA)

11: UPC/298.60 (U.A.39), lower Aptian, 915410, 300x
12: BM/478.60 (U.A.37), Hauterivian-Barremian, 914221, 300x
13: DIN/3l.50 (U .A.35), upper Valanginian-Hauterivian, 920202, 300x
14: UPC/298.60 (U.A.39), lower Aptian, 915414, 300x
15: BjIVIl8+l.55 (U.A.39), lower Aptian, 914834, 300x

Sethocapsa pseudouterculus AITA

16: DIN/24.30 (U.A.31), Tithonian, 911833, 300x
17: DIN/24.30 (U.A.31), Tithonian, 911829, 300x
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PLATE 16

1-3.

4.

5.

6-7.

8.

9, 10.

11-13.

14-15.

16.

17-18.

19-20.

21-22.

23.

Podocapsa amphitreptera FOREMAN
1: BM/6 (U.A.26-27), Kimmeridgian, 891410, 150x
2: BM/5 (U.A.26), Kimmeridgian, 891525, 150x
3: BM/6 (U.A.26-27), Kimmeridgian, 891329, 150x

Dibolachras tytthopora FOREMAN
BjIV/18+1.55 (U.A.39), lower Aptian, 914737, 150x

Podobursa spinosa (OZVOLDOVA)
GL/209+6.60 (U.A.22), Oxfordian, 911011, 100x

Syringocapsa sp. A
6: Bj/IlI/3.00 (U.A.25), Kimmeridgian, 911312, 150x
7: BM/6 (U.A.26-27), Kimmeridgian, 891408, 150x

Syringocapsa limatum FOREMAN
Bj/IV/17 (U.A.37), Hauterivian-Barremian, 915203, 150x

Katroma spp.
9: PK/20, lower Liassic, 920934, 150x
10: PK/20, lower Liassic, 921003, 200x

Gigi filstis DE WEVER
11: PK/20, lower Liassic, 920913, 150x
12: PK/20, lower Liassic, 920930, 200x
13: PK/20, lower Liassic, 920910, 150x

Gigi sp. A
14: GL/4, lower Liassic, 853560, 200x
15: BM/21, lower Liassic, 920901, 150x

Pseudoeucyrtis hanni TAN

UPC/32 (U.AAO), lower Aptian, 921531, 200x

Pseudoeucyrtis sp. J sensu CONT! & MARCUCCI
17: BM/1 02 (U.A. 17), Oxfordian, 900317, 150x
18: BM/102 (U.A.17), Oxfordian, 900314, 150x

Pseudoeucyrtis sp. B sensu WIDZ
19: GL/209+6.60 (U.A.22), Oxfordian, 911017, 150x
20: GL/209+6.60 (U.A.22), Oxfordian, 911016, 150x

Pseudoeucyrtis reticularis MATSUOKA & YAO
21: BM/1 06 (U.A.26), Kimmeridgian, 900534, 150x
22: BM/106 (U.A.26), Kimmeridgian, 900533, 150x

Pseudoeucyrtis sp.
BM/21, lower Liassic, 920818, 150x
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PLATE 17

1-7.

8.

9-10,12.

11.

13.

14,20.

15.

16.

17-19.

Parahsuum spp.
1: Bj/III/3.00 (U.A.25), Kimmeridgian, 922722, 200x
2: UPC/257.10 (U.A.23), upper Oxfordian-Kimmeridgian, 912006, 200x
3: GL/209+6.60 (U.A.22), Oxfordian, 911204, 200x
4: UPC/18 (U.A.15), Callovian, 922327, 200x
5: GL/127 (U.A.3), Bajocian, 890422, 300x
6: GL/128 (U.A.5), Bajocian, 903432, 200x
7: UPC/20 (U.A.15), Callovian, 901332, 200x

Parahsuum officerense (PESSAGNO & WHALEN)

BjI/I0 (U.AA), Bajocian, 910230, 200x

Parahsuum simplum YAO

9: UPC/41.50, lower Liassic, 921029, 200x
10: PK/20, lower Liassic, 920936, 200x
12: UPC/41.50, lower Liassic, 921026, 200x

Bagotum sp.
PK/20, lower Liassic, 920915, 200x

Parahsuum ovale HORI & Y AO

PK/20, lower Liassic, 920919, 200x

Droltus sp.
14: BM/18, lower Liassic, 920736, 200x
20: BM/11, Hettangian, 920711, 200x

Droltus (?) sp.
BM/18, lower Liassic, 920735, 300x

Wrangellium sp.
BM/21, lower Liassic, 920904, 200x

Canoptum spp.
17: PK/20, lower Liassic, 920929, 200x
18: BM/18, lower Liassic, 920737, 200x
19: BM/11, Hettangian, 920712, 200x
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PLATE 18

1--4.

5.

6-8.

9-11.

12-14.

Transhsuum maxwelli (PESSAGNO) gr.
I: UPC/23 (U.A.18), Oxfordian, 902832, 200x
2: BMII02 (U.A.17), Oxfordian, 900203, 200x
3: UPCII8 (U.A. 15), CaIIovian, 922114, 200x
4: GU207 (U.A.12), Bathonian, 901029, 200x

Transhsuum okamurai (MIZUTANI)

DIN/2.35 (U.A.21), Oxfordian, 922626, 200x

Transhsuum brevicostatum (OZVOLDOVA) gr.
6: BjIIll5II (U.A.22), Oxfordian, 901812, 200x
7: BM/I02 (U.A.17), Oxfordian, 900219, 200x
8: GU207 (U.A.12), Bathonian, 901018, 200x

Parahsuum (?) grande HORI & YAO

9: GU123 (U.A.l), Aalenian-lower Bajocian, 921920, 150x
10: GU123 (U.A.l), Aalenian-lower Bajocian, 921926, 150x
11: GU123 (U.A.l), Aalenian-lower Bajocian, 921929, 150x

Transhsuum hisiukyoense (ISOZAKI & MATSUDA)

12: GU128 (U.A.5), Bajocian, 903420, 200x
13: GU125 (U.A.2), Aalenian-lower Bajocian, 892307, 200x
14: GU127 (U.A.3), Bajocian, 903110, 150x
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1-5.

6-8.

9,11-13.

10.

14,18.

15-17.

158

Hsuum mclaughlini PESSAGNO & BLOME gr.
1: DIN/29.30 (U.A.33), Berriasian-lower Valanginian, 910327, 200x
2: Bj/III/3.00 (U.A.25), Kimmeridgian, 922716, 200x
3: Bj/III/3.00 (U.A.25), Kimmeridgian, 922708, 200x
4: Bj/III/3.00 (U.A.25), Kimmeridgian, 922731, 200x
5: Bj/III/3.00 (U.A.25), Kimmeridgian, 922706, 200x

Hsuum sp.
6: Bj/III/3.00 (U.A.25), Kimmeridgian, 922718, 200x
7: Bj/III/3.00 (U.A.25), Kimmeridgian, 922734, 200x
8: UPC/262.70 (U.A.27), Kimmeridgian, 922609, 200x

Hsuum matsuokai ISOZAKI & MATSUOA

9: UPCI13 (U.A.3), Bajocian, 892121, 200x
11: BjI/9 (U.A.2), Aalenian-lower Bajocian, 893626, 200x
12: GLl125 (U.A.2), Aalenian-lower Bajocian, 892306, 200x
13: GLlI27 (U.A.3), Bajocian, 890431, 200x

Linaresia chrafatensis EL KAOIRI

BjI/9 (U.A.2), Aalenian-Iower Bajocian, 893614, 200x

Parahsuum (?) natorense (EL KADlRI)

14: UPCI14 (U.A.3), Bajocian, 892104, 150x
18: GLl123 (U.A.l), Aalenian-lower Bajocian, 921931, 150x

Parahsuum (?) magnum TAKEMURA

15: BjI/9 (U.A.2): Aalenian-lower Bajocian, 893621, 200x
16: GLlI23 (U.A.l), Aalenian-lower Bajocian, 922009, 150x
17: GLlI23 (U.A.l), Aalenian-Iower Bajocian, 922008, 150x
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PLATE 20

1. Archaeodictyomitra (?) amabilis AITA

UPC/18 (U.A.15), Callovian, 922138, 200x

2-4. Archaeodictyomitra excellens (TAN)
2: UPC/27 (U.A.29), Tithonian, 901927, 200x
3: GL/144 (U.A.39), lower Aptian, 915505, 200x
4: UPC/298.60 (U.A.39), lower Aptian, 915420, 200x

5-6, 12, 17-18. Archaeodictyomitra apiarium (ROST)
5: GL/142 (U.A.34), Berriasian-Iower Valanginian, 910624, 200x
6: UPC127 (U.A.29), Tithonian, 901922, 200x
12: Bjl/15 (U.A.22), Oxfordian, 901129, 200x
17: UPC/23 (U.A.18), Oxfordian, 902815, 200x
18: GL/209+6.60 (U.A.22), Oxfordian, 911133, 200x

7-8, 13. Transitional forms between Archaeodictyomitra apiarium (ROST) and
Archaeodictyomitra minoensis (MIZUTANI)

7: UPC128 (U.A.29), Tithonian, 921831, 200x
8: BM/8 (U.A.30), Tithonian, 922705, 200x
13: BjIl15 (U.A.22), Oxfordian, 901128, 200x

9,14-15,19-20. Archaeodictyomitra minoensis (MlZUTANI)

9: PK/104, Tithonian, 910715, 200x
14: Bjl/15 (U.A.22), Oxfordian, 901127, 200x
15: BjII/15/1 (U.A.22), Oxfordian, 901815, 200x
19: GL/209+6.60 (U.A.22), Oxfordian, 911135, 200x
20: BjII/15/1 (U.A.22), Oxfordian, 901818, 200x

10. Pseudodictyomitra depressa BAUMGARTNER

GL/142 (U.A.34), Berriasian-Iower Valanginian, 910620, 200x

11, 16. Archaeodictyomitra spp.
11: BjI/15 (U.A.22) Oxfordian, 901124, 200x
16: GL/209 (U.A.16), Oxfordian, 900913, 300x
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PLATE 21

1-2.

3--4.

5-6.

7.

8.

9.

10.

11-12.

13.

14-17.

Archaeodictyomitra (7) sp. A
I: UPC/32 (U.AAO), lower Aptian, 921506, 200x
2: UPC/32 (U.AAO), lower Aptian, 921509, 200x

Thanarla praeveneta PESSAGNO
3: UPC/32 (U.AAO), lower Aptian, 921501, 200x
4: BjIV/20 (U.AA2), upper Aptian-Iower Albian, 902727, 200x

Archaeodictyomitra lacrimula (FOREMAN)
5: UPC/32 (U.AAO), lower Aptian, 902512, 200x
6: BjIV/18+1.55 (U.A.39), lower Aptian, 914819, 200x

Thanarla pulchra (SQUINABOL)
UPC/298.60 (U.A.39), lower Aptian, 915417, 200x

Thanarla elegantissima (CITA)
GL/2I5 (U.AA7), Albian-Iower Cenomanian, 914729, 200x

Mita sp.
BM/489AO (U.AAl), upper Aptian-Iower Albian, 913028, lOOx

Mita sp. C sensu THUROW
BjIV/20+4.60 (U.AA3), Albian, 915033, 100x

Mita sp. B sensu THUROW
11: BjIV/21 (U.A.46), Albian-Iower Cenomanian, 914532, 150x
12: BjIV/21 (U.A.46), Albian-Iower Cenomanian, 914531, 150x

Sethocapsa (7) perspicua (SQUINABOL)
BjIV/20+4.60 (U.AA3), Albian, 914932, 100x

Mita gracilis (SQUINABOL)
14: BjIV/21 (U.AA6), Albian-Iower Cenomanian, 914615, 150x
15: UPC/34 (U.AA5), Albian, 920302, 150x
16: GL/215 (U.AA7), Albian-Iower Cenomanian, 914719, 150x
17: UPC/33 (U.AA5), Albian, 20335, 150x
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PLATE 22

1-3.

4.

5-7.

8-9.

10-11.

12-13.

14-15.

16.

17.

Dictyomitra formosa SQUINABOL

1: UPC/35 (U .A.48), Turonian, 921320, 200x
2: UPC/35 (U.A.48), Turonian, 902413, 200x
3: UPC/35 (U.A.48), Turonian, 921315, 200x

Pseudodictyomitra pseudomacrocephala (SQUINABOL)

UPC/35 (U.A.48), Turonian, 902407, 150x

Pseudodictyomitra lodogaensis PESSAGNO

5: UPC/34 (U.A.45), Albian, 920305, 200x
6: BjIV/20 (U.A.42), upper Aptian-Iower Albian, 921623, 200x
7: UPC/34 (U.A.45), Albian, 920227, 200x

Pseudodictyomitra sp. A
8: UPC/32 (U.A.40), lower Aptian, 902523, 200x
9: BjIV/20 (U.A.42), upper Aptian-Iower Albian, 921622, 200x

Pseudodictyomitra lanceloti SCHAAF

10: UPC/298.60 (U.A.39), lower Aptian, 915428, 200x
11: GL/I44 (U.A.39), lower Aptian, 915517, 200x

Pseudodictyomitra pentacolaensis PESSAGNO

12: BjIV/20 (U.A.42), upper Aptian-Iower Albian, 902730, 200x
13: BjIV/20 (U.A.42), upper Aptian-Iower Albian, 902731, 200x

Pseudodictyomitra sp. C sensu YAO

14: BjII/15/1 (U.A.22), Oxfordian, 901912, 200x
15: DIN/29.30 (U.A.33), Berriasian-Iower Valanginian, 910326, 200x

Pseudodictyomitra primitiva MATSUOKA & YAO

UPC/27 (U.A.29), Tithonian, 901923, 200x

Pseudodictyomitra carpatica (LOZYNYAK)

GL/142 (U.A.34), Berriasian-Iower Valanginian, 910618, 150x
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PLATE 23

1,6-11.

2.

3-S.

12-13.

14-1S.

16.

17-19.

20.

Cinguloturris carpatica DUMITRICA
1: GL/209+6.60 (U .A.22), Oxfordian, 911120, 200x
6: UPC/21 (U.A.17), Oxfordian, 901309, 200x
7: UPC/21 (U.A.17), Oxfordian, 901310, 200x
8: BMIl02 (UAl7), Oxfordian, 900120, 200x
9: UPCIl8 (U.A.lS), Callovian, 922111, 200x
10: GL/209 (U .A.16), Oxfordian, 90081S, 200x
11: BMIl 06 (U.A.26), Kimmeridgian, 900611, 200x

Transitional form between Cinguloturris carpatica DUMITRICA and Cinguloturris sp. A
GL/209+6.60 (U.A.22), Oxfordian, 91120S, 200x

Cinguloturris sp. A
3: UPC/2S (U.A.29), Tithonian, 922620, 200x
4: GL/138 (U.A.31), Tithonian, 921804, 200x
S: GL/138 (U.A.31), Tithonian, 921807, 200x

Laxtorumjurassicum IS0ZAKI & MATSUDA
12: BjI/9 (U.A.2), Aalenian-lower Bajocian, 893620, 200x
13: GL/12S (U.A.2), Aalenian-lower Bajocian, 903409, 200x

Stichomitra (7) sp. A
14: GL/127 (U.A.3), Bajocian, 903111, 200x
IS: ZB/28 (U.A.6), upper Bajocian, 890S2S, 200x

Stichomitra (7) takanoensis AITA
ZB/28 (U.A.6), upper Bajocian, 890414, 200x

Spongocapsula palmerae PESSAGNO
17: UPCIl8 (U .A.lS), Callovian, 922123, IS0x
18: BMIl 02 (U.A.17), Oxfordian, 900421, IS0x
19: GL/209+6.60 (U .A.22), Oxfordian, 911134, IS0x

Spongocapsula perampla (ROST)
Bj/lll/3.00 (U.A.2S), Kimmeridgian, 922726, IS0x
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PLATE 24

I.

2-3.

4-5.

6-7.

8.

9-10.

11,14-15.

12-13.

16.

17.

18-19.

20.

Dictyomitrella (?) kamoensis MIZUTANI & KlDO
GL/207 (U .A.12), Bathonian, 903128, 300x

Parvicingula cosmoconica (FOREMAN)
2: GL/142 (U .A.34), Berriasian-Iower Valanginian, 910621, 200x
3: GL/142 (U.A.34), Berriasian-Iower Valanginian, 910604, 200x

Pseudodictyomitra puga (SCHAAF)
4: DIN/31.50 (U .A.3 5), upper Valanginian-Hauterivian, 920201, 200x
5: DIN/31.50 (U.A.35), upper Valanginian-Hauterivian, 920103, 200x

Ristola altissima altissima (ROST)
6: DIN/2.35 (U.A.21), Oxfordian, 922628, 150x
7: GL/138 (U.A.31), Tithonian, 890913, 150x

Ristola cretacea (BAUMGARTNER)
GL/138 (U.A.31), Tithonian, 890912, 150x

Mirifusus chenodes (RENZ)
9: BM/1 02 (U.A.17), Oxfordian, 900302, 150x
10: GL/209+6.60 (U.A.22), Oxfordian, 911012, 150x

Parvicingula boesii (PARONA) gr.
11: BjIV/18 (U.A.38), lower Aptian, 915107, 200x
14: UPC/27 (U .A.29), Tithonian, 901931, 200x
15: GL/142 (U .A.34), Berriasian-Valanginian, 910606, 200x

Parvicingula dhimenaensis BAUMGARTNER
12: 2B/28 (U.A.6), upper Bajocian, 890138, 200x
13: GL/209+6.60 (U.A.22), Oxfordian, 911213, 200x

Parvicingula usotanensis TUMANDA
BjIV/18+1.55 (U.A.39), lower Aptian, 914836, 200x

Mirifusus guadalupensis PESSAGNO
BM/102 (U.A.17), Oxfordian, 900237, 100x

Mirifilsus dianae dianae (KARRER)
18: GL/209+6.60 (U.A.22), Oxfordian, 911007, 100x
19: DIN/2.35 (U.A.21), Oxfordian, 910111, lOOx

Mirifilsus diG/we minor BAUMGARTNER
BM/8 (U .A.30), Tithonian, 891511, 100x
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PLATE 25

1-5.

6-7.

8-9.

10.

11-12.

13-15.

16.

Stichomitra communis SQUINABOL
1: BjIV/20+4.60 (U.A.43), Albian, 915019, 150x
2: Grb/12 (U.A.43), Albian, 920426, 150x
3: UPC/34 (U .A.45), Albian, 920219, 150x
4: UPC/35 (U .A.48), Turonian, 921310, 150x
5: UPC/35 (U.A.48), Turonian, 902420, 150x

Crolanium pythiae SCHAAF
6: BM/478.60 U.A.37), Hauterivian-Barremian, 914423, 200x
7: BM/478.60 U.A.37), Hauterivian-Barremian, 914422, 200x

Novixitus weyli SCHMIDT-EFFING
8: GL/215 (U.A.47), Albian-lower Cenomanian, 914708, 150x
9: BjIV/21 (U.A.46), Albian-lowerCenomanian, 914602, 150x

Xitus (?) sp. sensu STEIGER
GL/142 (U.A.34), Berriasian-Iower Valanginian, 892022, 200x

Xitus gifilensis MIZUTANI
11: GL/138 (U.A.31), Tithonian, 921827, 200x
12: DIN/l1.55 (U.A.26), Kimmeridgian, 911509, 200x

Xitus sp. A sensu WIDZ
13: UPC/23 (U.A.18), Oxfordian, 902809, 200x
14: UPC/25 1.50 (U.A.19), Oxfordian, 912133, 150x
15: DIN/l1.55 (U.A.26), Kimmeridgian, 911515, 150x

Xitus ef. gifuensis MIZUTANI
GL/209+6.60 (U.A.22), Oxfordian, 911123, 200x
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PLATE 26

1-2.

3-5.

6.

7-10.

11-12.

13-14.

15.

16.

A/ens liriodes RIEDEL & SANFILIPPO

1: UPC/35 (U.A.48), Turonian, 921417, 200x
2: UPC/35 (U.A.48), Turonian, 921306, 300x

Saitoum dercourti WIDZ & DE WEVER

3: DlN/29.30 (U.A.33), Berriasian-Iower Valanginian, 910403, 300x
4: BM/7 (U.A.28), Tithonian, 891423, 300x
5: BM/l06 (U.A.26), Kimmeridgian, 900537, 300x

Rhopalosyringium sp. A
UPC135 (U.A.48), Turonian, 921412, 300x

Rhopalosyringium majuroense SCHAAF

7: BjlV/21 (U.A.46), Albian-lower Cenomanian, 914707, 300x
8: BjlV/21 (U.A.46), Albian-lower Cenomanian, 914537, 300x
9: GU215 (U.A.47), Albian-lower Cenomanian, 914721, 300x
10: GU215 (U.A.47), Albian-lower Cenomanian, 914720, 300x

Napora bukryi PESSAGNO gr.
11: BM/l02 (U.A.17), Oxfordian, 900109, 150x
12: GU209+6.60 (U.A.22), Oxfordian, 911008, 150x

Ares spp.
13: GUI27 (U.A.3), Bajocian, 903109, 150x
14: GU127 (U.A.3), Bajocian, 903108, 150x

Turanta sp.
UPC/l3 (U.A.3), Bajocian, 892119, 150x

Perispyridium ordinarium (PESSAGNO) gr.
Bj11/15/l (U.A.22), Oxfordian, 901801, 200x
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PLATE 27

Microfacies of the Bar Limestone Formation

1. Oolitic packstone.
Upper Member, Sutomore section (l06 m), magnification 20x.

2. Micrograded cross-laminated silt-size interval. Mostly pellets with some larger peloids
in the lower part. Numerous radiolarians and sponge spicules occur on the top.
Lower Member, Gomja Lastva section (60.40 m), magnification 5x.

3. Densely packed ooids in a partly dolomitized matrix. Gutnicella cayeuxi (LUCAS)
as nucleus in the lower right corner.
Calcarenite interbedded in shale sequence of the Lastva Radiolarite Formation,
Gomja Lastva section (225.70 m), magnification 23x.

4. Fine-grained conglomerate microfacies: bimodal, radiolarian-mudstone intraclasts and
shallow-water derived debris.
Lower Member, Gomja Lastva section (135 m), magnification, lax.

5. Calcarenite microfacies: echinoderm plates, algae (Boueina sp. near the center), ooids,
intraclasts ofradiolarian mudstone.
Lower Member, Bijela section (103 m), magnification 23x.
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PLATE 28

1. Bar section, general view of the Bar Limestone Formation. The arrow points to the contact
between the Lower and the Upper Member. A part of the Praevalis Limestone is visible in the
background. The topmost massive light limestone belongs to the overlying High Karst Zone.

2. Bar section, closer view ofthe Upper Member of the Bar Limestone Formation.
(220 m to 370 m in the lithological column, Fig. 2.2)

3. Bar Limestone Formation, Lower Member. Conglomerate with subrounded and tabular
pelagic-limestone c1asts, showing subparallel orientation.
Canj section. Detail ofa plurimetric fallen block on the beach, broken off the thickest
conglomerate unit (for lithological column see Fig. 2.2).

4. Lastva Radiolarite Formation, lower variegated (VI) radiolarite. Light beds are
spicule/radiolarian sandstones.
Bijela I section (at 140 m in the lit~ological column, Fig. 2.3).

5. Lastva Radiolarite Formation, upper variegated (V2) radiolarite. The two thicker beds above
the hammer are silicified calcarenites.
Gomja Lastva section (at 277 m in the lithological column, Fig. 2.3).

6. Praevalis Limestone Formation. Detail of a deformed chert bed.
Petrovac section (at 167 m in the lithological column, Fig. 2.5).

7. Praevalis Limestone Formation. Irregular chert nodules in chaotic slump deposits.
Petrovac section (at 160 m in the lithological column, Fig. 2.5).

8. Praevalis Limestone Formation. Clasts of the Tithonian red ribbon radiolarite incorporated in
pelagic limestone.
Petrovac section (at 152 m in the lithological column, Fig. 2.5).
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